Thermal response time of a DS 27.5 mm
temperature sensor

Experimental determination in different set-ups and consequences in a real installation

Lasse Sloth Harbo, John Domino, Christian Bombis, and Mads Wraa Hyttel

1 EMATEM 2024



kamstrup

Agenda

Thermal response time t,  of a temperature sensor

©,

T , Ok e
Determination in production — ASP2 A
Determination in laboratory »f@\

Consequences for the measurement
of thermal energy in dynamic installations




Udmaling

Aktuel méaling Kartemperatur}Vaeskeniveaum rStatus: Idle

Aktuel udmaling

140 - GO D00 VPPV OPVIDNOOOPODROOOOEDPOPO® o
] ® Chi
J Ch2

“@
] Q. ® Ch4
L P ® Chs
100 8 ® Ché
1 9 Ch7
{ e
] @® Chs

T[*C
8
i
1
@
N
@
B
k2l
°
o
L]
@
@
@
s
o
®
®
°
®
®
O

! £

“1 9
20 @
MQ.OOOQQ.Q.O.QQ..O
OI1TTYTTTTY"'III'I'I'TVI‘I'TTI'TYI"‘I"I 711---]'
0 10 20 30 40 50 60 70 80

Tid efter start [s]




Introduction — Response function
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Literature:

Figure 6.2 from F. Bernhard, Handbuch der Technischen
Temperaturmessung, 2. Auflage; Springer 2014

Equations from A. Brethauer, PhD thesis TU limenau (see
Entwicklung einer Methode zur Temperaturbestimmung von Fluiden
mithilfe von BerUhrungsthermometern bei niedrigen Eintauchtiefen
— Digitale Bibliothek Thiringen (db-thueringen.de); Link checked
2024-08-20)



https://www.db-thueringen.de/receive/dbt_mods_00038665
https://www.db-thueringen.de/receive/dbt_mods_00038665
https://www.db-thueringen.de/receive/dbt_mods_00038665
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Introduction — Heat coefficients a

Marc Schalles, Joseph Beerel, and Silke Augustin; Untersuchungen von Thermometern mittels eines neuartigen Prifstandes zur Bestimmung dynamischer
Kennwerte; manusricpt from Institut fir Prozessmess- und Sensortechnik, TU limenau; see also conference contribution at Temperatur 2024 (Startseite -

Stromungsbedingung Wiirmeiibergangskoeffi-
zient in W-m2-K!
Luft25°Cv=1m/s 44
Luft 25°Cv=3m/s 81
Luft 25 °Cv=5m/s 108
Luft 25 °C v=10 m/s 161
Wasser, 50 °C, v=10,02 m/s 1374
Wasser, 50 °C, v=10.,05 m/s 2229
Wasser, 50 °C, v=0.1 m/s 3268
Wasser, 50 °C, v=10.2 m/s 4888
Wasser, 50 °C, v=0.4 m/s 7496
Wacker AK10, 50 °C v=0.1 m/s 479
Wacker AK10, 50 °C v=0.2 m/s 683
Wacker AK10, 50 °C v=04 m/s 981
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Temperatur (pth.de) and VDI/VDE 3522 Blatt 1 — Dynamisches Verhalten von Berthrungsthermometern — Experimentelle Bestimmung der Zeitprozentkennwerte.

VdI-Verlag, 2014)
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Introduction — Standardisation

from DS/EN 1434-1:2022, Annex C
Fast response meters

A meter or sub-assembly defined as “Fast response meter” shall have at least the following additional
specifications:

— response time (79,;5): max. 6 s for direct long temperature sensors; max. 2,5 s for direct short
temperature sensors;

To,5= tos

from DS/EN 1434-4:2022

7.4.4.2 Thermal response time

The temperature sensors shall be tested according to EN 60751:2008, 6.5.2. For sensors designed to be

mounted in pockets the test should be made with pockets. The response time shall not exceed the
manufacturer's specification.

6 EMATEM 2024
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Introduction — Standardisation

from DS/EN 60751:2008 (IEC 60751:2008)
6.5.2 Thermal response time

The thermal response time 1t 5 in flowing water with a velocity >0.2 m/s and/or in flowing air

with a velocity (3 + 0.3) m/s shall be recorded. If requested the response times 15 g and/or 1 4
may also be recorded.

from DS/EN IEC 60751:2022 (IEC 60751:2008)
6.5.5 Thermal response time

The thermal response time 7T in flowing water with a velocity (0,3 £ 0,1) m/s or in flowing air with
a velocity (3 £ 0,3) m/s shall be recorded. To specify the response time it is necessary to declare
the percentage of response, usually Ty g, g3, Ip5, OF Ip ¢, Which gives the time until the
thermometer reading reaches 90 %, 63,2 %, 50 % or 10 % of the temperature step change,

respectively. The test medium and its flow conditions shall be specified (usually flowing water
or flowing air).

7 EMATEM 2024
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Cable protection

non-stick gasket

Pt500 Thermal conductive paste
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QA of temperature sensors in ASP2

TemperatureSensor 63 (DS 27.5 mm, Pt500)

Response time t, 5 fast™: (1.12+£0.11) s
Accept criterium*: ths<2s
Response time t, s slow™: (6.20+0.71) s

*Data from ASP2. Terminology “fast” and “slow” is related to these

investigations. The fast temperature sensors are from standard
production.

Thermal conductive paste air

10 EMATEM 2024



g'@)“ kamstrup

Determination of thermal response time t, . — ASP2

Medium: water (10 °C, 75 °C) and glycerin (140 °C)
Velocity: not defined

Approach: upstream overflow

Immersion depth: > 100 mm

(fully immersed, including parts of cable)

DS 27,5 mm: without gasket, nut and cable protection

11 EMATEM 2024
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Determination of thermal response time t, . — ASP2
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Determination of thermal response time t, . — ASP2
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tgs of DS 27.5 mm determined in ASPII (Vessel 10 °C (water), 75°C (water) and 140 °C (glycerin))
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Determination of thermal response time t, . — ASP2
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to.s of DS 27.5 mm determined in ASPIl (Vessel 10 °C (water), 75°C (water) and 140 °C (glycerin))
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Determination of thermal response time t, . — ASP2
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tos of DS 27.5 mm determined in ASPII (Vessel 10 °C (water), 75°C (water) and 140 °C (glycerin))
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Determination of thermal response time t, ¢ — wmocuzn:
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Medium:
Velocity:

Approach:

Immersion depth:

DS 27,5 mm:

a".

ILMENAU

water (50 °C)
(0.3+0.1) m/s
H(orizontal), laminar flow

27 mm
(fully immersed as installed)

complete temperature sensor

kamstrup
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Determination of thermal response time t; . a
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*composite material due to low
thermal conductivity

see e. g. Temperaturmesstechnik | Technische Universitdt IImenau (tu-ilmenau.de) and H. Mammen, S. Augustin, T. Frohlich: Prifeinrichtung zur Untersuchung des

dynamischen Verhaltens von Berihrungsthermometern in Wasser, Conference: Sensoren und Messsysteme - 19. ITG/GMA-Fachtagung, 06/26/2018 - 06/27/2018,
Nirnberg, Deutschland, Proceedings; J. Beerel, C. Hilpert: Versuchseinrichtung zur Untersuchung des dynamischen Verhaltens von Thermometern in O,
Projektseminar, TU llmenau, 2021

18 EMATEM 2024


https://www.tu-ilmenau.de/universitaet/fakultaeten/fakultaet-maschinenbau/profil/institute-und-fachgebiete/institut-fuer-prozessmess-und-sensortechnik/forschung/temperaturmesstechnik

oy

Determination of thermal response time t; . a
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ILMENAU
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Experimental step function R(t)
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Start of falling (magnet)
Photo sensor 1

kamstrup

Photo sensor 2 (immersion)

Analysis:

* Determine starting point
(photo sensor 2)

e Select data to fit

time [s]
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Determination of thermal response time t, ¢ — SVUI.. A
Calculated (normalized) step function h(t)
L | | | | | ] o Analysis:
f * Determine immersion
o= | Model equation: t t t (photo sensor 2)
II - - -
J’I ht)=1—A;-e 1—Ay-e 2—Az-e * Select data to fit
06 =
= | s
= i &L * calculate h(t) and use 3rd
0.4 1y < order fit-function
||: as model equation
0.2 {: Model
I [ ]
, Data Calculate ty s
0 ! : ! ! ! ! : :
0 t0.5 10 20 30 time [s] 60 70 80
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Determination of thermal response time t, ¢
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OTU-lImenau, Pos.2

to (V50) = (1.1940.16) s
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Determination of thermal response time t, ¢
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O Tu-limenau, Pos.2

= = Max(TU-llmenau)

Average(TU-llmenau)

- == Min(TU-llmenau)

to (V50) = (1.1940.16) s
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Determination of thermal response time t, . — Temp. lab.

?

/J.Q Temp. lab. Medium: water (=34 °C)
Velocity: not defined
Approach: upstream overflow
Immersion depth: 27 mm

(fully immersed as installed)

DS 27.5 mm: complete temperature sensor

23 EMATEM 2024
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Determination of thermal response time t, — Temp. lab.
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*see e. g. EMATEM Summer school 2016 EMATEM 2016 MWH sent to PTB (Link checked 2024-08-14)
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https://ematem.org/Dokumente/201609/Messung%20der%20Temperatur_Hyttel.pdf
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Determination of thermal response time t, — Temp. lab.

B e e empirical analysis:
. * 1st data point (t =0)
30 _ * start/end temperature
1st data point
(t=0) -
— 28 =) —
o " e T(t=ty)
- =
26 A =

24 4

22 A

t0_5 time [s]

25 EMATEM 2024
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Determination of thermal response time t, — Temp. lab.

tys of DS 27.5 mm determined in temp. sensor laboratory at Kamstrup

tos [s]

0 g [u] o o [m] a OVv30°C, th

A tos (V30) = (1.1240.09) s

0 5 10 15 20 25
Temperature sensor no.

26 EMATEM 2024



8,

Determination of thermal response time t, — Temp. lab.
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tos (5]

tys of DS 27.5 mm determined in temp. sensor laboratory at Kamstrup

10 15
Temperature sensor no.
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kamstrup

O Vv30°C, ta
= = Max30

AVG30°C

= = Min30

tos (V30) = (1.1240.09) s
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Comparison of response time t, .

O)

O ? _ ?
‘ ASP2 f\f'("l TECHNISCHE Uﬁ\?;RSITAT /JQ Temp lab.

ILMENAU
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Comparison of response time t,

ASP2 »©. Temp. lab.
@ r TECHMISCHE UNIVERSITAT
- ‘ ILMENAU _

temp. jump RT (= (30...35) °C) to 10°C;  RT (=23 °C) to 50 °C (=22 °C) to 34 °C;
RT (= (15...35) °C) to 75°C

fixture clamped on cable screwed in 3D print clamped on cable
(composite)
Data analysis model equation, model equation, empirical start/stop,
single fit 3rd degree fit read-out t, ¢
Results* tys (V10) = (1.14+0.05) s tos (V50) = (1.19+0.16) s tys (V30) = (1.12+0.09) s

t, (V75) = (1.20£0.06) s
t,« (V10; V75; V50; V30) = (1.16+0.20) s

*Results are stated as arithmetic averages from N = 20 temperature sensors. The result for single temperature sensors is based on N = 10 (ASP2), N = 3 (TU-llmenau) and N = 5 (Temp. Lab.) measurements. Uncertainties
are stated as simple standard deviations from measurements with N = 20 temperature sensors or as a combined uncertainty based on the stated standard deviations.

29 EMATEM 2024
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Comparison of response time t,«
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to5 [s)

tgs of DS 27.5 mm determined in ASPII (Vessel 10 °C (water), 75°C (water));
temp. sensor laboratory at Kamstrup and at TU-llmenau

Temperature sensor no.
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g O o o o o
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® V10°C_ASP2, ti2
Ov30°C, ts

® V75°C_ASP2, t
OTuU-limenau, Pos.2
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Influence of response time on thermal energy measurement

1\- Dummy flow sensor
1=l |Mca03_fasta

e -
|5 =% MC403_slow2

; s\
o - Dummy flow sensor. |9}

MC403_fast1
" MC403_slowl

“ (temp. sensor)

Dummy flow sensor

32 EMATEM 2024

MULTICAL® 403

gp 0.6 m3/h; G% x 110 mm; (L =3; fast mode)
Temperature sampling interval: 4
Volume sampling interval: 1s
Integration time: 4s

TemperatureSensor 63 (DS 27.5 mm, Pt500)

Response time t, 5 fast*: (1.12+£0.11) s
Accept criterium*: ths<2s
Response time t, s slow™: (6.20+0.71) s

*Data from ASP2. Terminology “fast” and “slow” is related to these
investigations. The fast temperature sensors are from standard
production.
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Characterization of district heating unit

Thursday, 2024-05-08; Start @ 00:00:00
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Characterization of district heating unit
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Friday, 2024-05-10; Start @ 00:00:00

70 1200

real consumption (approx. 5-30 s)
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g 600 T ——Ti[C]
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Moy =

|

10 i flushing (approx. 100 I/h for 1-3 min.) 20
BRI RIS S .
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Characterization of district heating unit
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Saturday, 2024-05-11; Start @ 00:00:00
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Characterization of district heating unit
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Sunday, 2024-05-12; Start @ 00:00:00
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Characterization of district heating unit
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Monday, 2024-05-13; Start @ 00:00:00
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Characterization of district heating unit

Tuesday, 2024-05-14; Start @ 00:00:00
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Characterization of district heating unit
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Wednesday, 2024-05-15; Start @ 00:00:00
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Influence of t, . on thermal energy measurement
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accumulated Volume V
8,00
oo /// No obvious differences in the
volume registers on that scale

6,00

I
B

3,00 :Mmﬂ:ﬂ:sl
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0,00

0 5 10 15 20 25
day
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Influence of t, . on thermal energy measurement
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accumulated thermal energy E1
80,00

70,00 é/// Significant differences in the

energy registers on that scale

60,00

—8— MC403_s4

50,00 —8— MC403_f4
. —— MC403 53
§ —&— MC403_f3
= 40,00
= —i— MC403_s2
- —i— MCA403_f2
30,00 —6— MC403 51
—6— MC403_f1
Els
20,00 - ¥ = E1f
10,00
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0 5 10 15 20 25

day
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Influence of t, . on thermal energy measurement
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(Vi-Vaug) Vg [%]

1,00

0,80

0,60

0,40

0,20

Comparison of volume increase V; with averaged volume V. (average of all meters) as reference

MC403 equipped with slow temperature sensors
register in this experiment slightly more volume

day
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—H&— MC403_f4
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—tr— MC403_s2
—A— MC403_f2
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(Vs-Vavg)/Vavg
- ¥ = (Vf-Vavg)NVavg
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Influence of t, . on thermal energy measurement

kamstrup

Comparison of accumulated energy increase E1; with averaged energy E1,,, (average of all meters) as reference
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-2,00 = % = (E1f-Elavg)/Elavg
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Temperature sensors without thermal paste can still be paired. Implementation of automatic response time
measurements in ASP2 ensures therefore proper filling with thermal paste.

Small differences in the test set-ups, used test method, and analysis of data still result in an identical response
time t, ¢ for DS 27.5 mm temperature sensors, taking measurement uncertainties into account.

For DS 27.5 mm temperature sensors, a response time test in ASP2 can be performed similar to a type test for
each single piece during production.
Comparative experiments with fast and slow responding temperature sensors demonstrate that slow responding

temperature sensors lead to the registration of too little thermal energy (=4%)
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Thanks for your attention!

Christian Bombis
Technical Product Manager
Product Management

Kamstrup A/S
Industrivej 28
DK-8660 Skanderborg

cbo@kamstrup.com
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