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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

• Temperaturgefälle innerhalb des Temperaturfühlers

− 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 !!!
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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

What are the influencing factors in the heat conduction error?
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• Length

• Inner diameter & wall 
thickness

Small influence:

• Thread

• Hexagon



Pockets in Germany …



Pocket-Cluster in Germany

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)

Cold Meter Heat Meter

Long standardised EN1434 
stainless steel pockets

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

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.

Temporary tolerated, 
short pockets

Pocket versions that are no 
longer installed, but of which 
there is still a large number 
(~2 million) in use. Tolerated 
by a PTB notice until 2006 →

extended to 2016 → 2026



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
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EN1434-4 → 7.4.4.4 and Appendix A (informative) 

Temperature probe flow

Temperature probe return

• Boundary pockets for in total 56 
pockets in the “German Toleration 
List”

• It is not economically possible 
to build up and measure all 
individual samples for each of 
the 56 tolerated pockets

• Therefore, boundary 
pockets for this 
investigation were 
defined together with 
PTB

• These are available 
with 2 different 
hexagon heights
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Checking the Metrological Suitability
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• Influence during the investigation

• Since the influence of the pocket is to be determined, 
the immersion depth must be the same for direct 
measurement and the immersion depth with the 
pocket. The immersion depth is specified in EN1434-4 
(Annex A).



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

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“?

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

Examples of marking on pockets

Inscription "MID" (not normatively specified)

• No conformity can be declared for pockets 
with the inscription "MID" (therefore no CE 
mark

• It merely states that this pocket has been 
approved together with a temperature 
probe/pair in a type examination certificate 

• Originally the metrological suitability test was 
carried out in accordance with EN 1434-4, 
clause 7.4.4.4 for the type examination 
certificate

Inscription "EN-1434" + "MID" (metrologically proven)

• Pockets comply with the fit tolerances (internal 
tolerance) according to EN 1434-2

• Proposed gauge for verification (EN1434-6)

• One end of the tool must fit completely downwards into the 
bottom of the pocket.

• The other end of the tool must not fit into the pocket.



The “german toleration list regulation“applies
only to symmetrical probe installation.

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

same type (dry/dry)

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

ball valve

ball valve

Asymmetrical installation
= Mix of direct (wet) installation and probe 

in pocket (dry)

volume measurement part

pocket



Why is there so often 
asymmetrical 
installation?
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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

Meter

Return

Flow

Symmetrical installation (e.g. both in ball valve)

Long Cable

Short 
Cable

heating system

Meter

Return

Flow

Asymmetrical installation (VMT / immersion sleeve)



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)

65°C

36°C



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 15l/h - 300l/h with the 
specially designed flow channel

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

15

Thermostatic Baths 

MID Flowmeters

Controller
Measurement 
Device

PC / Screen

Measuring section
for investigation
(1 meter)

Control valves
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Examples of results of the investigation (graphical)

Additional error between volume measuring part and ¾" ball valve

+
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Examples of results of the investigation (graphical)

Additional error between volume measuring part and 5.2mm boundary pocket

+



Example of regulation of 
asymmetrical installation 
by the manufacturer

Screenshot: Operating 
instructions of a compact heat 
meter

In this case the dTmin

is limited to 5K

See also the note that the 
pocket must be installed 
insulated

Examples of asymmetrical installation 18



How to proceed with the
„German Toleration List“ 
is currently under
discussion



Ideas for handling the tolerated pockets in the field
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Example of asymmetrical error between the volume 
measurement part and the 5.2mm boundary pocket

15L/h X L/h

10K

3K

Critical
area

Radiators
The temperature difference for radiators is usually around 
10-20 K. Flow rate: ~150 – 400L/h

150 L/h 400 L/h200 L/h 600 L/h

Underfloor Heating

Temperature difference for underfloor heating is usually about 5-10 K.                   
Flow rate: ~200 – 600L/h



Ideas for handling the tolerated pockets in the field

Calculate the characteristics for 
each installation point

The manufacturer or installer 
selects the respective installation 

points.

FEM simulation of the installation 
points (Volume measurement part, 

pocket, ball valve)

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



Research Project
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+

The research project aims to develop and evaluate 

sustainable alternatives for measuring thermal energy in 

order to ensure accurate billing even after the temporary 

toleration of the pockets has expired.

The project involves a feasibility study: calculation of the 

physical behaviour of the existing pockets using the finite 

element method (FEM) and comparison with practical 

measurements in the flow channel.

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

2024

Thank you for the support from EMATEM e.V.

Comparison
simulation

and
measurement



Scope of the research project

TH004 pocket (out of tolerated list) 
together with temperature probe (Direct 
Short - 5.2mm protective tube)

½“ T-Piece



Scope of the research project

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



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



Scope of the research project

The following parameters are included in each case: 

• Flow rate of 15 l/h, 30 l/h, 60 l/h, 100 l/h and 300 l/h 

• 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

• Stable ambient temperature 23°C 

• 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?



Hands-On Video Hands-On Video Market Segment Day Image Video

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

