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Often underestimated: The Heat Conduction Error

The temperature sensor always measures a
Temperatur
- only the question is whether it is the right one

Generally not used at ambient temperature
Generally not used at ambient temperature

Temperaturgefalle innerhalb des Temperaturfiihlers
This creates a heat flow

Sensor element is cooled or heated

The result: faulty display / faulty measured
value

Additional influence due to pockets
—> Especially with short pockets !!!

Heat conduciton error
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Influencing factors for an Pocket

There are various factors influencing the heat dissipation error for thermowells

Some influencing variables have a large share, some have a smaller one

Overall length

Large influence:

Insertion length

* Length

®* Inner diameter & wall
3 thickness
g < T ~Wall thickness
ao 'g £ Inner diameter
S B
T i Small influence:

Thread
| Installation length Hexagon

Height
Hexagon

What are the influencing factors in the heat conduction error?







Pocket-Cluster in Germany

?.§|:<'.§ Cold Meter

Only long pockets

Temperature probes should
always be installed directly in
refrigeration applications.

For larger nominal diameters
and flow velocities, however, it
may be necessary to use pockets
(in JUMO type examination
certificate from 85 mm
installation length)

Fhe—

Long standardised EN1434
stainless steel pockets

The standardised pockets
have a special fit (H11), so the
thermal contact is very good.

LD EN 1434
MID |pPN 40, 150°C
L120, I@6

bl HED- )

iSi Heat Meter

Long MID pockets made of
stainless steel and brass

Although the pockets do not
comply with the standardised
EN1434 pockets, they still
meet the requirements of this
standard. The pockets are
specified in the approvals.

L120
MID |py 40, 150°C

%




What is regulated by the PTB Notice?

Pockets with lengths longer than 60 mm

... are considered tolerated if they comply with the
fit tolerances (internal tolerance) of EN 1434-2 and
thus have a low heat transfer error in connection
with the immersion depth

When using MID-marked temperature probe in the
field, dimensional testing shall be carried out with a
gauge based on EN 1434-6, Annex C, as a sufficient

criterion for checking suitability

Some pockets in the field have a larger inner
diameter than defined in EN1434

- therefore also require a toleration or
metrological investigation

Distinguishing the pockets by their length

Pockets with lengths of 60 mm or smaller

... must first be examined for metrological
suitability together with the temperature
probes

For this purpose, the test required in EN 1434-
4, clause 7.4.4.4 must be carried out at PTB as
an example with new samples of the type
under consideration.

The acceptance criterion of the aptitude test is
0.5 MPE, corresponding to about 1.6 times the
acceptance criterion after the standard
identification

Toleration only
applies up to a
medium temp. of
110°C

IA >
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EN1434-4 - 7.4.4.4 and Appendix A (informative)

7.4.4.4 Testing of the influence of pockets

Boundary pockets for in total 56
The manufacturer shall deliver a special temperature sensor pair with pockets, described as follows: pOCkEtS in the “German Toleration

— one sensor (the dedicated inlet temperature sensor) with pocket, selected or manufactured that the List”
gap between pocket and sensor is the maximum gap according to the manufacturer’s specification;
Temperature probe flow
— one sensor (the dedicated outlet temperature sensor) with pocket, selected or manufactured that
the gap between pocket and sensor is the minimum gap according to the manufacturer’s
specification. Temperature probe return

Only the shortest pocket length in a family shall be tested, provided that thread, material, etc. are
identical for all pockets in the family.

The test is carried out in two stages as follows:

a) thetwo temperature sensors are tested without pockets according to 7.4.4.3;

b) the two temperature sensors are then mounted in the pockets as described above and ret
according to 7.4.4.3.

The calculated difference between the results obtained with and without pockets shall be within 1/2 of
the limits stated in EN 1434-1:2022,9.2.2.2.

To get the best reproducibility it is strongly recommended that the tests with and without pockets are
both carried out following the procedure in Annex A.




Checking the Metrological Suitability

* Influence during the investigation

o
* Since the influence of the pocket is to be determined, = é o o
the immersion depth must be the same for direct e 9 =
measurement and the immersion depth with the £ g % ;
pocket. The immersion depth is specified in EN1434-4 © £ g 2
(Annex A). /3 & é S £y
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Key
1 sensor pair / pockets under test (50 % of the pocket thread shall be over the metal lid)
2 reference sensor

3 metal lid (thickness 2 mm, stainless steel) not in thermal contact with the body of the bath (e.g. point fixing
by plastic parts; no metal contact between the lid and the bath housing); but the bottom side of the lid shall
be in contact with the liquid

Figure A.1 — Details of temperature bath

No thermal insulation shall be used over the metal lid.



What is the content of the ,,German Toleration List“?

Liste der ausgesprochenen Duldung der Bestandstauchhiilsen im Feld identifizierbar |:|
zusatzlich Merkmale
Status: 15.03.2023 Ansprechpartner: Herr Dr. Sebastian Baack (sebastian.baack@ptb.de, +49 30 3481 7729) oder Frau Gerlinde Eichhorn (gerlinde.eichhorn@ptb.de, +49 30 3481 7270)
Baumusterpriifbescheinigungsni
Einschub- max.
Tauchhiilsen- lange [mm] ab . . Einsatz-
Dllldll!lﬂs- ELIET _ signifikantes Merkmal |identifizierbares Kennzeichen innen- B Bauldnge Oberkante Einbaulange | Wandstarke Gemnc!elllas Schliissel- J TGS temperatur - .
Ifd. Nr. | kennzeichen [A,B,C, Bild = > | Innendurch- [Angabe in " oder : Sechskants Stiickzahl im Feld (D)
) im eingebauten Zustand {Beschriftung) durchmesser di [mm] = [mm] [mm] weite tmax=105°C
TH XXX sonstig] messer [mm] B mm] [mm]
[mm] Baulange oder Angabe
abzgl. Bodenstarke von tmax
Spanner-Pollux nEn
1 TH 001 vensys = 1 SPX/S0/5.2 [oder 52 +0,075 43 42 3238 0.5 1/2 sw24 6 150 >> 100000
Sensus SPX/150/5.2) 5
t -0,000
Brunata
Spanner-Pollux X i o Frroa H11:
2 TH 002 Invensys SPX/50/5.2 (oder 52 +0,075 43 42 3238 0.5 3/8 W24 6 150 == 100000
} SPX/150/5.2)
Sensus -0,000
L_. .
at g
Spanner-Pollux
3 TH 003 Invensys 5.2 - 57 56 443 0,85 1f2 SW24 (SW22) 9 150 > 40000
Sensus
L‘ Sechskant-Uberwurfmutter
zur Fiihler-Fixierung
Spanner-Pollux,
4 TH 004 Semsus 52 - 54 53 333 1.1 1/2 W24 [SW22) g 150 >> 100000
INvensys .‘
Brunata A
vinawecnus rodt Fr
Plombierdraht oberhalb
&% bpownLoaD )3

Examples in the list of “German Toleration List” (as of 15.03.2023 > 56 pockets)


https://www.ptb.de/cms/fileadmin/_migrated/user_upload/DL_TH_2023-11-20.pdf

What is the content of the ,,German Toleration List“?

3481 7270)
Baumusterprﬂfbescheinigungsnr. der MID - konformitatsuntersuchten Warmezéhler /| Temperaturfiihler
max.
Schliissel- 5"6::;‘:’;5 teﬁ:r;arft_ur Stiickzahiim Feld (o) |OPerachentar 1 P 3 a 5 6 7 8 9 10
weite [mm] tmax=105"C bung
oder Angabe
von tmax
Wirmezahler
Wirmezihler DE-07-MI004-PTBO01,
DE-07-MI004-PTRO04,| DE-07-MI004-PTBO2S, - Warmezahler
Temperaturfiihler DE-U?-:H]UU-;-PTBUUGJ DE-08-MI004-PTEOOS, DE-11-MI004-PTE004, DE- DE-10-MI004-PTB0O13, DE- Warmezahler Warmezahler Warmezahler Temperaturfithler Warmezal
A0445/2112/2007 DE-U?-:“JIUU-i-PTBUT"'J DE-09-MI004-PTBO18, LL-\1]dU4-?TBUU3 DEJ-CIG- 07-MI004-PTB030, DE-09- DE-12-MI004-PTEO09 DE-12-MI004-PTEO10 | DE-13-MI004-PTBO0O1 | DE-06-MI004-PTB0O09 DE-0200-MI0
sW24 6 150 == 100000 MS/Ni (Jumo GmbH & Co.KG) - | DE-09-MID0D4-PTBO12, . e MI004-PTB001, DE-10- I (Zenner International (Engelmann Sensor (Engelmann Sensor (Kamstrup
DE-07-MI004-PTB028 . i MI004-PTBOO07 (Landis+Gyr . (Qundis GmbH)
Duldung vom: (Sensus GrmbH) jeweils fiir GmbH) Duldung vom MI004-PTBO04, (Diehl Duldune vom 2.5.2013 GmbH) Duldungwvem | GmbH) Duldung vom GmbH) Duldung vom Duldung 1
01.04.2011 v i—— TempFiihlerpaar CS- ?wf’oug Metering GmbH) Duldung grom ==.28Ls 15.01.2013 25.02.2013 24.06.2015 14.04.20
s T?CILL 5.2/C5T-5.2 (Engelmann T vom 22.3.2012
T Sensor GmbH) Duldung
vom 3.9.2011
Warmezahler
Wirmezihler DE-07-MIO04-PTBOOL,
07 -M - 9 Ars -
) DE-07-MI004-PTBO04,| DE07-MIO04-PTBEO25, Warmezahler jienrehcy o o i} S
Temperaturfithler DE-07-MI004-PTRO06 DE-08-MI004-PTBOOS, DE-11-MI004-PTE004, DE- DE-10-MI004-PTB0O13, DE- Warmezahler Warmezahler Warmezahler Temperaturfiithler Warmeza
A0D445/2112/2007 DE-O?-:\’JJOO-i-PTBOf’?J DE-09-MI004-PTEO1S, LL-\11604-PTBOO3 DE-OG- 07-MI004-PTBO30, DE-09- DE-12-MI004-PTEO09 DE-12-MI004-PTEO10 | DE-15-MI004-PTBO0L | DE-06-MI004-PTBO0S | DE-14-MIDO4
SW24 6 150 == 100000 MS/Ni (Jumo GmbH & Co.KG) - e | DE-09-MI004-PTBO12, . iy MI004-PTBOOL, DE-10- iy (Zenner International (Engelmann Sensor (Engelmann Sensor (Qundis Gr
DE-07-MI004-PTBO28 . = MID04-PTBOOT (Landis+Gyr . {Qundis GmbH)
Duldung vom: (Sensus GmbH) jeweils fiir GmbH) Duldung vom MI004-PTB004, (Diehl Duldune vom 252012 GmbH) Duldungwvem | GmbH) Duldung vom GmbH) Duldung vom Duldung
01.04.2011 Dulau’n vom Temp.Fithlerpaar CS- ?49?0ng Metering GmbH) Duldung 3 . 15.01.2013 25.02.2013 24.06.2015 04.04.20
s T?CILL 5.2/CST-5.2 (Engelmann T vom 22.3.2012
T Sensor GmbH) Duldung
vom 3.9.2011
WATTIEZATIET
- - - - DE-07-MI004-PTBO01,
. . ‘Warmezahler ‘Warmezihler ’
Wi hl -07-M - 25, = - o
Temperaturfithler STMEZIREr DE-10-MI004-PTB013, o DE-07-MI004-PTBO04, DE- Warmezahler DE-07-MIOOL-PTS025, | po e aturfiihler N Warmez3l
_ |DE-11-MI004-PTEOO4, - ‘Warmezahler - - DE-08-MI004-PTBOOS, Warmezahler
A0445/2112/2007 DE-07-MI004-PTBO30, 07-MI1004-PTBO0G, DE-07- | DE-12-MI004-FTBO10 DE-06-MI004-PTBO09 DE-0200-MI0
. DE-11-MI004-PTBOO3, DE-12-MI004-PTBO09 - - . DE-09-MI004-FTED12, DE-14-MI004-FTEOOG
SW24 (sw22 9 150 = 40000 MS/Ni (Jumo GmbH & Co.KG) ~ | DE-09-MI004-PTBOOL, : MID04-PTBO27, DE-07- (Zenner International (Engelmann Sensor ; (Kamstrup
DE-06-MI004-PTBOO7 {Qundis GmbH) Duldung DE-13-MI004-PTBOO1, (Qundis GmbH)
Duldung vom: {Landis+ Gyr GmbH) DE-10-MI004-PTBO0O4, vom 252012 MI004-PTB028 (Sensus GmbH) Duldung vom Enel Sens GmbH) Duldung vom Duldune vom 04.04.2016 Duldung 1
01.02.2012 Duldun‘wfn?s_,,op (Diehl Metering GmbH) B GmbH), Duldung vom 15.01.2013 ( “EE;“E: snser 24062015 £ e 14.04.20
EVem &3282) puldung vom 22.3.2012 23.05.2012 T
Duldung vom
Nl 002014
TWATRIEZATTET
-07-M -
Warmezahler Warmezahler Warmezahler gig:\::ggigsggé
Temperaturfithler DE-11-MI004-PTE004,| DE-10-MI004-PTBO13, Warmezahler DE-07-MI004-PTB0O04, DE- Warmezahler DE-U;-:\‘J]UU-i-PTBUESJ Temperaturfiihler Warmezihler Warmez3l
AD445/2112/2007 DE-11-MI004-PTB003,| DE-07-MID04-PTB0O30, DE-12-MI004-PTEO09 07-MI004-PTB0OOG, DE-07- | DE-12-MI004-PTEBO10 DE-Ug-:\’J]CICI-:L-P’I'BQJ_”J DE-0&6-MI004-PTBO0S DE-14-MI004-PTEO0S DE-0200-MI0
SW24 (SW22 9 150 == 100000 MS/Ni (Jumo GmbH & Co.KG) | DE-06-MI004-PTB007 | DE-09-MI004-PTBOOL, (dei: E}mbﬁ) i MI004-PTB027, DE-07- | (Zemmer International | =270 1o o | (Engelmann Sensor (Qm‘ldi, Gmbt) (Kamstrup
Duldung vom: (Landis+Gyr GmbH) | DE-10-MI004-PTB0O4, SR & MI004-PTB028 (Sensus GmbH) Duldung vom i | GmbH) Duldung vom . Duldung 1
X X vom 2.5.2012 (Enpelmann Sencar Duldune vom 04.04.2016
01.02.2012 Duldung vom (Diehl Metering GmbH) GmbH), Duldung vom 15.01.2013 14.04.20
20.2.2012 Duldung vom 22.3.2012 23.05.2012

Examples in “German Toleration List”



https://www.ptb.de/cms/fileadmin/_migrated/user_upload/DL_TH_2023-11-20.pdf

MID/EN1434 — Pocket identification in the field

Inscription "MID" (not normatively specified) Inscription "EN-1434" + "MID" (metrologically proven)
No conformity can be declared for pockets Pockets comply with the fit tolerances (internal
with the inscription "MID" (therefore no CE tolerance) according to EN 1434-2
mark Proposed gauge for verification (EN1434-6)
It merely states that this pocket has been One end of the tool must fit completely downwards into the
approved together with a temperature bottom of the pocket.
probe/pair in a type examination certificate The other end of the tool must not fit into the pocket.

Originally the metrological suitability test was
carried out in accordance with EN 1434-4,

®5,99
%6,09

clause 7.4.4.4 for the type examination
certificate
@D ri120 QD[ EN 1434
MID |pN 40, 150°C MID |PN 40, 150°C
|06 L120, I®6

——¢ —

Examples of marking on pockets




The “german toleration list regulation“applies

only to symmetrical probe installation.

ball valve

volume measurement part

ball valve pocket

Asymmetrical installation

= Mix of direct (wet) installation and probe
in pocket (dry)

Symmetrical installation

= both sensors directly installed (wet/wet)
= both sensors installed in pockets of the

|
|
|
I
I
I
|
I
|
|
|
|
I
I
|
same type (dry/dry) :

Differences between symmetry and asymmetry when installing temperature probes - INFO: THIS SLIDE SHOWS THE CURRENT CONSENSUS FROM THE WORKING GROUPS



Why is there so often
asymmetrical
installation?

heating system [ ]

Saving one installation point

= Installation in the volume
measurement unit saves on the
number of installation points and
the probe is often already pre-
installed.

heating system @ || Fiow
Long Cable

|
’ ‘ Cable
|| (O

Return




Impact analysis during asymmetrical installation

ATTENTION:
In the case of asymmetrical installation, the impact test differs from symmetrical
installation.

Background:

 Between flow and return the temperature
difference has an additional asymmetric error
caused by the heat conduction
error of the different installation site

* The flow velocity can also be differ significantly
(tapering of nominal diameter in the
volumetric measuring section)




Impact analysis for
asymmetrical installation

Procedure:

3 temperature probes and 3 installation
points each (e.g. pocket, ball valve,
volume measuring part, T-piece) must be
examined

Groups/boundary patterns can also be
created for pockets

Here, too, minimum and maximum gap
dimensions must be considered

All individual components are measured
separately at 15I/h - 3001/h with the
specially designed flow channel

Then the asymmetry error is calculated
(difference of the single measurements)

Controller—— Thermostatic Baths

Measurement /".
Device —> MID Flowmeters
]

PC / Screen

Measuring section
for investigation
(1 meter)

‘ll-\_
\‘lf‘\




Examples of results of the investigation (graphical)

Additional error between volume measuring part and %" ball valve

0,200 K
0,150 K
—p— ]
-2
]
£ 0,100K 3
k] = 4
5
2 =45
€ 0,050k —0—6
L
7
8
0,000 K °
0l/h
-0,050 K

Kombinationen aus den verschiedenen Messreihen



Examples of results of the investigation (graphical)

Additional error between volume measuring part and 5.2mm boundary pocket

0,600 K
A
0,500 K .
_ 0,400K =2
@ i
:E 0,300 K \\ it
£ "\
5,
£ 0200k \\\
o P w6
< _
0,100 K 7
8
D,UUO K 1 T T T T o,
o0 l/h 50 L/h 100 L/h 150 L/h 200 L/h 250 L/h 300 L/h 9
-0,100 K

Kombinationen aus den verschiedenen Messreihen




Example of regulation of
asymmetrical installation
by the manufacturer

Asymmetric mounting (temperature sensor)

The meter can be mounted asymmetric, too. This means one temperature
. . sensor is directly immersed in the volume measuring tube, whereas the other
Screenshot. Operatlng temperature sensor is mounted in a protection pocket. For the lower value of
instructions of a compact heat the temperature difference is then 5 K valid at the respective lower flow limit
meter gi. For this kind of installation the mentioned protection pockets must be used.
Furthermore the national regulations of the respective country have to be ob-
servered.

In this case the dTmin Type of protection Inside diame- Rack length Thread size
s limited to 5K i . pocket T —
: [mm] [mm] [mm]
' J L, 42 Ve
See also the note that the | ™ : /\ 5 46 v
pocket must be installed ; \ gg gg j
insulated 52 50 v
- 52 37 v

*) The sensor pocket must be installed in isolation.

Examples of asymmetrical installation . 18




1 -

How to proceed with the
,aerman Toleration List“
is currently under
discussion




|deas for handling the tolerated pockets in the field

Example of asymmetrical error between the volume
N\\e(e ) measurement part and the 5.2mm boundary pocket

50K

T T 4
/h 50 L/h 100 L/h 250Uk 300L/h 9

150 L/h 200 L/h

0,100 K

Kombinationen aus den verschiedenen Messreihen

Radiators

The temperature difference for radiators is usually around

10-20 K. Flow rate: ~150 —400L/h = Temperature dlfference for underfloor heating is usually about 5-10 K.
- ' = ' Flow rate: ~200 — 600L/h

§ Temperature difference [K]

1
_______________ '
Critical |

area :

w
~
1
]

150/h XL/h 150 L/h 200 L/h 400 L/h 600 L/h 800L/h
Flow rate [L/h]




|deas for handling the tolerated pockets in the field

Dynamic correction of the heat conduction error for each installation point in the calculator during measurement

FEM simulation of the installation .
points (Volume measurement part Calculate the characteristics for
pocket, ball valve)

The manufacturer or installer
each installation point

selects the respective installation
points.
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Research Project

The research project aims to develop and evaluate
sustainable alternatives for measuring thermal energy in

order to ensure accurate billing even after the temporary Comparison

simulation

and
' The project involves a feasibility study: calculation of the measurement

physical behaviour of the existing pockets using the finite
element method (FEM) and comparison with practical
measurements in the flow channel.

toleration of the pockets has expired.

Project duration: 48 weeks / €37,800 Start September
2024

Thank you for the support from EMATEM e.V.




Scope of the research project

THOO04 pocket (out of tolerated list)
together with temperature probe (Direct
Short - 5.2mm protective tube)

%Y T-Piece




Scope of the research project

Temperature probe (Direct Short - 5.2mm
protective tube) in direct installation
(T-piece/ball valve)

S
_=




Scope of the research project

SPX pocket with 92.5mm length and
temperature probe with 6.0mm protective tube

(this pocket has a larger gap size than an EN1434
pocket)




Scope of the research project

EN1434 pocket with 85mm length and
temperature probe with 6.0mm protective
tube ’ 1




Scope of the research project

The following parameters are included in each case:
e Flow rate of 151/h, 30 I/h, 60 I/h, 100 I/h and 300 I/h
e Medium temperature 23°C (ambient temperature), 35°C, 50°C, 65°C and 80°C

Info: Temperatures higher than 80°C cannot be realised in the practical
measurement at the flow channel

e Stable ambient temperature 23°C

e Pipes and installation points insulated (19mm ArmaFlex)

- Depending on the installation situation, there are 40 simulations with the
influencing parameters (number of flow rates * number of medium
temperatures * number of gap dimensions of the immersion sleeve).

- For the four installation situations shown before, there are thus 160
individual simulation tasks.



What if it is feasible?

It would not only be a possibility to correct the additional
heat conduction error for the tolerated pockets in Germany,
but also for all conceivable installation situations.



Einbau von Temperaturfﬂhlern fiir Warme- er¥ ind K 2 | IEra ~
und Kiltezdhler in eine Norihembaustelle : . ‘ wirt | for th Bnergy meters



https://youtu.be/tzJToAUoh0Y?si=bj6kkcf6CwdezhVa
https://youtu.be/6GD0qL-rBt0
https://youtu.be/16AoI9_XelM?si=FLoJ_5P6ekRLweuR
https://youtu.be/xBcXbMR-1LQ
https://www.youtube.com/user/JUMO1948

