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THERMAL ENERGY METER

Test methods for estimation of flow sensor dynamic
model's parameter
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Introduction –

An overview on thermal energy meter

dynamic model
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// Thermal energy meter – Dynamic model
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Dynamic model is characterized by

only two time constants: 𝝉𝜽, 𝝉𝒒 .

Calculator is “fast” compared to 

temperature and flow sensor.

τθ ≫ τθc and τq ≫ τqc

27-28 September 2022 – Berlin – Germany                               Eng. Luisfilippo Lanza  //  5



// Thermal energy meter – Temperature sensors
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Decision rules:

Performance Criteria: 𝒕𝟓𝟎% = 0,693𝝉𝜽 .

Temperature sensor test – actual approach EN 1434-4:2022 
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// Thermal energy meter – Flow sensor

𝑉𝑟𝑒𝑓 = න𝑌 𝑡 𝑑𝑡 𝑉 = ∆𝑡 ×෍𝑞(𝑘∆𝑡) CALCULATOR

Flow sensor
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𝑒𝑟𝑟𝑜𝑟 =
𝑉−𝑉𝑟𝑒𝑓

𝑉𝑟𝑒𝑓
× 100 ≤ 𝑀𝑃𝐸 ?

𝑌𝐸𝑆FAST

𝑁𝑂Not FAST

Decision rule: Pass/Fail

( NO Performance Criteria: 𝝉𝒒)

Flow sensor test – actual approach EN 1434-4:2022 
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Proposal for decision rule:

Performance Criteria: 𝝉𝒒 .. 𝒕𝟓𝟎%? 

Flow sensor test – proposal for performance criteria

𝐴𝑞

𝝉𝒒𝑠 + 1

Flowrate
STEP

FLOWRATE

𝑞 𝑡 − 𝑞0
∆𝑞

= 1 − 𝑒
−
𝑡
𝜏𝑞

𝑞 𝑡

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1

-5 0 5 10 15 20 25 30 35 40 45 50 55 60

Fl
o

w
 r

at
e 

(d
m

3
/s

)

Time (s)

𝝉𝒒

Faster response

// Thermal energy meter – Flow sensor

𝑞 𝑡



Flow sensor –

Continuous and discrete time domain
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// Thermal energy meter – Flow sensor

෍𝑇 = 𝐾𝐼
𝑑𝜔𝜑

𝑑𝑡

Turbine flow meter

(Continuous time domain)
Electromagnetic and Ultrasonic flow meters

(Discrete time domain)

Momentum law: 

σ𝑇 sum of all the torques acting on the turbine

𝐾𝐼 turbine's axial moment of inertia

𝜔𝜑 turbine's angular velocity

𝐾𝐼
𝑑𝜔𝜑

𝑑𝑡
+ 𝐾𝜇𝜔𝜑 = 𝑇𝑖𝑑𝑟

𝑞 = 𝑞 𝑡 𝑞 = 𝑞𝑠 𝑘𝑡𝐺 𝑠 =
1

𝜏𝑞𝑠+1
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// Thermal energy meter – Flow sensor

EMATEM 2019, Fulda: Fast response thermal energy meters; Dr. Arne Kähler, Techem Energy Services GmbH
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Tapping 
profile

Main part of 
Deviation is due to 
sampling rate effect

Proposal for “fast response” test



𝑉 = ∆𝑡 ×෍𝑞(𝑘∆𝑡)

∆𝒕 : SAMPLING TIME (s)

𝑒𝑟
𝑟𝑜
𝑟
(%

)
=
𝑓
(∆
𝑡) prEN 1434-1:2020 (E) Annex C 

Volume sampling time interval:
≤ 2 Seconds

(non-residential buildings and family houses) 

∆
𝒕
=
𝟐
𝒔
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𝑉𝑟𝑒𝑓 = න𝑌 𝑡 𝑑𝑡

𝑒𝑟𝑟𝑜𝑟 =
𝑉 − 𝑉𝑟𝑒𝑓

𝑉𝑟𝑒𝑓
× 100

// Thermal energy meter – Flow sensor



∆𝒕 : SAMPLING TIME

The Nyquist–Shannon sampling theorem : for a given sample rate 𝒇𝒔 =
𝟏

∆𝒕
,perfect reconstruction

is guaranteed possible for a bandlimit 𝑩 <
𝒇𝒔
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∆𝒕

𝝅

How much fast I need to sample to avoid infomation loss?

𝑒𝑟𝑟𝑜𝑟 ∆𝑡 = ∆𝑡 ×෍𝑞(𝑘∆𝑡) − න𝑞 𝑡 𝑑𝑡 ≅ 0

𝐺 𝑠 =
1

𝜏𝑞𝑠+1
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𝑫𝑰𝑺𝑪𝑹𝑬𝑻𝑬 𝑻𝑰𝑴𝑬 𝑪𝑶𝑵𝑻𝑰𝑵𝑼𝑶𝑼𝑺 𝑻𝑰𝑴𝑬

// Thermal energy meter – Flow sensor



Response 𝝉𝒒 ∆𝒕,𝒎𝒂𝒙

FAST

(s) (s)

0,10 0,31
0,20 0,63

0,40 1,26
0,64 2,0

NOT 
FAST

0,80 2,5
1 3,1

2 6,3
4 13

8 25
16 50
32 100

𝑫𝑰𝑺𝑪𝑹𝑬𝑻𝑬 𝑻𝑰𝑴𝑬 𝑺𝒀𝑺𝑻𝑬𝑴

𝝉𝒒 =
∆𝒕

𝝅

𝑒𝑟𝑟𝑜𝑟 ∆𝑡 ≅ 0

∆𝑡 ×෍𝑞(𝑘∆𝑡) ≅ න𝑞 𝑡 𝑑𝑡

≅

∆𝒕 : SAMPLING TIME
𝑪𝑶𝑵𝑻𝑰𝑵𝑼𝑶𝑼𝑺 𝑻𝑰𝑴𝑬 𝑺𝒀𝑺𝑻𝑬𝑴
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// Thermal energy meter – Flow sensor



Flow sensor –

Step response test method
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// Thermal energy meter – Parameter estimation

EN ISO 17025 CALIBRATION LABORATORY

LAT N° 237

Scope of Accreditation:
Calibration: Flow meter, water meter
Quantity: Mass and volume flowrate,

Totalized mass and volume.
Capability: from 0,015m3/h up to 14400m3/h, 
Calibration Uncertainty from 0,15% up to 0,35% 
according method applied.
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// Thermal energy meter – Parameter estimation

Flow sensor - step response

Test results 𝑞 𝑡 can be fitted to evaluate the parameter 𝜏𝑞.

DATA LOGGER

FLOWRATE

Pulses frequency

STEP FLOW

𝑞 𝑡 − 𝑞0
∆𝑞

= 1 − 𝑒
−
𝑡
𝜏𝑞
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// Thermal energy meter – Parameter estimation

Flow sensor - step response
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// Thermal energy meter – Parameter estimation
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𝑡90% − 𝑡10% = −2,40𝑠

𝝉𝒒 =
𝑡90%−𝑡10%

𝑙𝑛 9
=
2,40

𝑙𝑛 9
=1,09s

𝑞 𝑡 − 𝑞0
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Digital filter set: “MFDMP=2”
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// Thermal energy meter – Parameter estimation
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Digital filter set: “MFDMP=5”
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Flow sensor –

Sine wave response test method
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// Thermal energy meter – Parameter estimation

Flow sensor - sine wave response

Handbook of Measurement Science, Volume 2: Practical Fundamentals, P.H. Sydenham, R. Thorn 1991 by Wiley
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Data 
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

https://www.goodreads.com/author/show/930954.P_H_Sydenham
https://www.goodreads.com/author/show/2019302.R_Thorn


// Thermal energy meter – Parameter estimation

Flow sensor - Sine wave response
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// Thermal energy meter – Parameter estimation

𝑥 = 5,71 Τ𝑙 𝑠 ; 𝑦 = 3,31 Τ𝑙 𝑠;  T = 5,51 s

𝜔 =
2π

𝑇
=

2π

5,51
= 1,14 𝑟𝑎𝑑/𝑠

𝜂 =
𝑦

𝑥
=
3,31

5,71
= 0,58

𝝉𝒒 =
1

𝜔

1

𝜂2
− 1 =

1

1,14

1

0,582
− 1 = 1,23𝑠

Digital filter set: “MFDMP=2”

27-28 September 2022 – Berlin – Germany                               Eng. Luisfilippo Lanza  //  24



4

4,5

5

5,5

6

6,5

7

7,5

8

0 2 4 6 8 10 12 14 16 18 20

A
m

p
lit

u
d

e 
x(

t)
, y

(t
)

time (s)

Q_DUT Q_MASTER

// Thermal energy meter – Parameter estimation

𝑥 = 5,71 Τ𝑙 𝑠 ; 𝑦 = 1,49 Τ𝑙 𝑠;  T = 5,50 s

𝜔 =
2π

𝑇
=

2π

5,50
= 1,14 𝑟𝑎𝑑/𝑠

𝜂 =
𝑦

𝑥
=
1,49

5,71
= 0,26

𝝉𝒒 =
1

𝜔

1

𝜂2
− 1 =

1

1,14

1

0,262
− 1 = 3,25𝑠

Digital filter set: “MFDMP=5”
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Flow sensor –

Conclusion
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// Thermal energy meter – Conclusion

• Dynamic model of 1°st order is simple and robust and need only 
two parameters : (𝜏𝜃 , 𝜏𝑞)

• test methods for estimate (𝜏𝜃 , 𝜏𝑞) parameters are available
• Dimensional homogeneity on quantity involved:

– 𝜏𝜃 time constant for temperature measurement

– 𝜏𝑞 time constant for volume measurement
• Is possible to define a dynamic response classification and fast 

response requirements based on (𝜏𝜃, 𝜏𝑞) 
(Note: sampling time became a matter of manufacturer not a matter of notified body!) 

Class of response Time constant Sampling time

Fast   0,64 s t  2 s

Medium 0,64 s <   8 s t  25 s

Slow  > 8 s t > 25 s
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