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Test description
1. Measurement 1

Determination of error:

2. Measurement 2

Determination of error:

3. Calculation

Figures acknowledged from JUMO, AK-Tauchhülsen 2025
see also Link_EMATEM_2024_Bott and Link_EMATEM_2025_Bott

𝐸 = 𝑉 ∙ 𝑘 ∙ ∆𝑇

https://ematem.org/wp-content/uploads/2024/09/12_2024-08-30-EMATEM-Innovative-approaches-to-improving-the-accuracy-of-thermal-energy-measurement-by-simulating-and-analys.pdf
https://ematem.org/wp-content/uploads/2025/10/19_Bott_2025-08-28-News-from-the-world-of-temperature-probes.pdf
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Experiments
Influence of installation site on 
Tinlet or Toutlet

𝑒 𝑇 = 𝑇𝐸𝑈𝑇 − [𝑇𝑅𝑒𝑓1 −
𝑥

𝑑
∙ (𝑇𝑅𝑒𝑓1 − 𝑇𝑅𝑒𝑓2)]
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Influence of installation site on Tinlet or Toutlet
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Influence of installation site on Tinlet or Toutlet
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Influence of installation site on Tinlet or Toutlet
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EUT = Ball valve DN15, insulated; ø5.2 mm; 20 °C

Series1

Series2

Series3

Series4

Series5

Series6

Vertical orientation 
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𝑒 𝑇 =
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𝑑
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Influence of installation site on Tinlet or Toutlet
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EUT = UF qp 1.5 m3/h, insulated; ø5.2 mm; 20 °C
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 of temp. sensor

𝑒 𝑇 =
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Influence of installation site on Tinlet or Toutlet
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Influence of installation site on Tinlet or Toutlet
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Influence of installation site on Tinlet or Toutlet
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Influence of installation site on Tinlet or Toutlet
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Influence of installation site on Tinlet or Toutlet
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Influence of installation site on Tinlet or Toutlet

Horizontal orientation 
 of temp. sensor

𝑒 𝑇 =

𝑇𝐸𝑈𝑇 − [𝑇𝑅𝑒𝑓1 −
𝑥

𝑑
∙ (𝑇𝑅𝑒𝑓1 − 𝑇𝑅𝑒𝑓2)]
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Influence of installation site on Tinlet or Toutlet

Horizontal orientation 
 of temp. sensor

𝑒 𝑇 =

𝑇𝐸𝑈𝑇 − [𝑇𝑅𝑒𝑓1 −
𝑥

𝑑
∙ (𝑇𝑅𝑒𝑓1 − 𝑇𝑅𝑒𝑓2)]
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Influence of installation site on Tinlet or Toutlet

-200

-100

0

100

200

300

400

500

600

0 50 100 150 200 250 300 350

e U
F 

(i
n

su
la

te
d

) 
@

 6
5

 °
C

  [
m

K
]

Flow [l/h]

EUT = UF qp 1.5 m3/h, insulated; ø5.2 mm; 65 °C

Series1

Series2

Series3

Series4

Series5

Series6

Horizontal orientation 
 of temp. sensor

𝑒 𝑇 =

𝑇𝐸𝑈𝑇 − [𝑇𝑅𝑒𝑓1 −
𝑥

𝑑
∙ (𝑇𝑅𝑒𝑓1 − 𝑇𝑅𝑒𝑓2)]



16

Data analysis
Influence of installation site on ∆T

∆𝑒 ∆𝑇 = 𝑒𝑖𝑛𝑙𝑒𝑡
𝑏𝑎𝑙𝑙 𝑣𝑎𝑙𝑣𝑒 − 𝑒𝑜𝑢𝑡𝑙𝑒𝑡

𝑓𝑙𝑜𝑤 𝑠𝑒𝑛𝑠𝑜𝑟
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Influence of installation sites on ∆T = Tinlet - Toutlet

Flow sensor in outlet (ball valve in inlet)

Symmetrical installation (2 x ball valve)

Flow sensor in inlet (ball valve in outlet)

MPE = 215 mK

∆𝑒 ∆𝑇 =

𝑒𝑖𝑛𝑙𝑒𝑡
𝐼𝑛𝑠𝑡𝑎𝑙𝑙𝑎𝑡𝑖𝑜𝑛 𝐴- 𝑒𝑜𝑢𝑡𝑙𝑒𝑡

𝐼𝑛𝑠𝑡𝑎𝑙𝑙𝑎𝑡𝑖𝑜𝑛 𝐵
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Influence of installation sites on ∆T = Tinlet - Toutlet

Symmetrical installation (2 x ball valve)
Flow sensor outlet (ball valve inlet)

Flow sensor in inlet (ball valve in outlet)

MPE = 440 mK

∆𝑒 ∆𝑇 =

𝑒𝑖𝑛𝑙𝑒𝑡
𝐼𝑛𝑠𝑡𝑎𝑙𝑙𝑎𝑡𝑖𝑜𝑛 𝐴- 𝑒𝑜𝑢𝑡𝑙𝑒𝑡

𝐼𝑛𝑠𝑡𝑎𝑙𝑙𝑎𝑡𝑖𝑜𝑛 𝐵
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Influence of installation sites on ∆T = Tinlet - Toutlet

MPE = 215 mK

∆𝑒 ∆𝑇 =

𝑒𝑖𝑛𝑙𝑒𝑡
𝐼𝑛𝑠𝑡𝑎𝑙𝑙𝑎𝑡𝑖𝑜𝑛 𝐴- 𝑒𝑜𝑢𝑡𝑙𝑒𝑡

𝐼𝑛𝑠𝑡𝑎𝑙𝑙𝑎𝑡𝑖𝑜𝑛 𝐵
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Influence of installation sites on ∆T = Tinlet - Toutlet

MPE = 440 mK

∆𝑒 ∆𝑇 =

𝑒𝑖𝑛𝑙𝑒𝑡
𝐼𝑛𝑠𝑡𝑎𝑙𝑙𝑎𝑡𝑖𝑜𝑛 𝐴- 𝑒𝑜𝑢𝑡𝑙𝑒𝑡

𝐼𝑛𝑠𝑡𝑎𝑙𝑙𝑎𝑡𝑖𝑜𝑛 𝐵



-100,0

-50,0

0,0

50,0

100,0

150,0

200,0

250,0

300,0

350,0

400,0

0 50 100 150 200 250 300 350

∆
e 

[m
K

]

Flow [l/h]

Not insulated combinations for ∆T = 3 K and T ≈ 90 °C 

B90-UF90_3K
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Influence of installation sites at ∆T = 3 K and T ≈ 90 °C

MPE = 105 mK

∆𝑒 ∆𝑇 =
𝑒𝑇

𝐼𝑛𝑠𝑡𝑎𝑙𝑙𝑎𝑡𝑖𝑜𝑛 𝐴- 𝑒𝑇
𝐼𝑛𝑠𝑡𝑎𝑙𝑙𝑎𝑡𝑖𝑜𝑛 𝐵
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Uncertainty estimation (GUM Workbench)

𝑒(𝑇) = 𝑇𝐸𝑈𝑇 − [𝑇𝑅𝑒𝑓1 −
𝑥

𝑑
∙ (𝑇𝑅𝑒𝑓1 − 𝑇𝑅𝑒𝑓1)]

∆𝑒 ∆𝑇 = 𝑒𝑖𝑛𝑙𝑒𝑡
𝐼𝑛𝑠𝑡𝑎𝑙𝑙𝑎𝑡𝑖𝑜𝑛 𝐴- 𝑒𝑜𝑢𝑡𝑙𝑒𝑡

𝐼𝑛𝑠𝑡𝑎𝑙𝑙𝑎𝑡𝑖𝑜𝑛 𝐵

𝑈 𝑒 ≥ 360 𝑚𝐾 (𝐵𝑎𝑙𝑙 𝑣𝑎𝑙𝑣𝑒 𝑎𝑡 90 °𝐶, 15
𝑙

ℎ
) 𝑜𝑟 

                320 𝑚𝐾 (𝑈𝐹 𝑎𝑡 90 °𝐶, 15
𝑙

ℎ
)

𝑈 ∆𝑒 = 𝑈(𝑒1)2 + 𝑈(𝑒2)2 ≥ 360 𝑚𝐾 2 + 320𝑚𝐾 2

𝑈 ∆𝑒  ≥ 482 𝑚𝐾

𝑈 𝑇𝑐𝑎𝑙𝑖𝑏𝑟𝑎𝑡𝑖𝑜𝑛 = 40 𝑚𝐾
𝑈 𝑥, 𝑑 = 2 𝑚𝑚, 𝑒𝑥𝑐𝑒𝑝𝑡 𝑓𝑟𝑜𝑚 𝑈 𝑥 = 5 𝑚𝑚 𝑓𝑜𝑟 𝑈𝐹
standard uncertainties for averages from N measurements at one flow x l/h:

𝑈 = 𝜎/ 𝑁

Measurement 1 and 2

Calculation
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Influence of installation sites at ∆T = 3 K and T ≈ 90 °C

MPE = 105 mK

∆𝑒 ∆𝑇 =
𝑒𝑇

𝐼𝑛𝑠𝑡𝑎𝑙𝑙𝑎𝑡𝑖𝑜𝑛 𝐴- 𝑒𝑇
𝐼𝑛𝑠𝑡𝑎𝑙𝑙𝑎𝑡𝑖𝑜𝑛 𝐵

U(∆e) ≥ 482 mK

∆e (symmetrical installation) ≈ 0, but
U(∆e) >> MPE 
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Influence of installation sites at ∆T = 3 K and T ≈ 90 °C

MPE = 105 mK

∆𝑒 ∆𝑇 =
𝑒𝑇

𝐼𝑛𝑠𝑡𝑎𝑙𝑙𝑎𝑡𝑖𝑜𝑛 𝐴- 𝑒𝑇
𝐼𝑛𝑠𝑡𝑎𝑙𝑙𝑎𝑡𝑖𝑜𝑛 𝐵
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Influence of installation sites at ∆T = 3 K and T ≈ 65 °C

MPE = 105 mK

∆𝑒 ∆𝑇 =
𝑒𝑇

𝐼𝑛𝑠𝑡𝑎𝑙𝑙𝑎𝑡𝑖𝑜𝑛 𝐴- 𝑒𝑇
𝐼𝑛𝑠𝑡𝑎𝑙𝑙𝑎𝑡𝑖𝑜𝑛 𝐵
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Influence of installation sites at ∆T = 3 K and T ≈ 65 °C

MPE = 105 mK

∆𝑒 ∆𝑇 =
𝑒𝑇

𝐼𝑛𝑠𝑡𝑎𝑙𝑙𝑎𝑡𝑖𝑜𝑛 𝐴- 𝑒𝑇
𝐼𝑛𝑠𝑡𝑎𝑙𝑙𝑎𝑡𝑖𝑜𝑛 𝐵
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Summary and perspective

∆e(∆T) > MPE
15…30 l/h; 
∆T = 70 K or 25 K

An emerging new type test should be inspired by 
realistic operation conditions.

Limit cases, e.g. with ∆T = 3 K and flow q ≤ 50 l/h 
at the same time, are of academic interest, but
might not be worth to be included in type testing.

5 -

80% of all measurements are 
contained inside this outer contour

Field data
• ca. 6.000 meters 

(qp 1.5 m3/h)

• 1 data log per hour

• period for statistics: 
       2024-01-01 to 2024-02-01

• District heating supplier A

70 -

30 -
25 -

25 -

5 -
10 -



Thanks for your attention!

Christian Bombis
Technical Product Manager
Platform Product Management 
Heat/Cooling

Kamstrup A/S
Industrivej 28
DK-8660 Skanderborg

cbo@kamstrup.com
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  ∆ e  ( ∆ T ) =  e  i n l e t  b a l l   v a l v e −


   e  o u t l e t  f l o w   s e n s o r
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  U  ( e ) ≥ 360   m K     ( B a l l   v a l v e   a t   90   ° C ,   15  l h )   o r  


  320   m K   ( U F   a t   90   ° C , 15  l h )


  U  ( ∆ e ) =    U ( e 1 ) 2 +   U ( e 2 ) 2 ≥     ( 360   m K ) 2 +    ( 320 m K ) 2


  U  ( ∆ e )   ≥ 482   m K


  U  (  T  c a l i b r a t i o n ) = 40   m K


  U  ( x ,   d ) = 2   m m ,   e x c e p t   f r o m   U  ( x ) = 5   m m   f o r   U F


  U = 𝜎 /  N
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