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// Thermal energy meter — Dynamic model
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Dynamic model is characterized by

only two time constants: (19, Tq).

ENERGY Q(s)

Annex C
(normative)

Fastresponse meters

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

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

temperature sampling time/ temperature sampling time interval:
< 4 Seconds (non-residential buildings, e.g. medical practice);

< 8 Seconds (family houses, multi apartment / residential buildings);
volume sampling time / volume sampling time interval:

< 2 Seconds (non-residential buildings and family houses);

integration time shall not be longer than the maximum of the sampling time for volume or
temperature.

Calculator is “fast” compared to
temperature and flow sensor.

Tg » Tgc and Tg > Tgc
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// Thermal energy meter — Temperature sensors

Temperature sensor test — actual approach EN 1434-4:2022

Decision rules: Annex C

(normative)

Performance Cr|ter|a° (tso% = 0,693T0). Fastresponse meters

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

&’ specifications:

B A 9 — response time (7jg): max. 6s for direct long temperature sensors; max. 2,5 s for direct short
@© temperature sensors;

g O— —> R=R(s)

g. 1’-6 S + 1 — temperature sampling time/ temperature sampling time interval:

& < 4 Seconds (non-residential buildings, e.g. medical practice); CALCU LATO R

< 8 Seconds (family houses, multi apartment / residential buildings);
R (t) —_ RO t — volume sampling time / volume sampling time interval:
= 1 — e T@ < 2 Seconds (non-residential buildings and family houses);

— integration time shall not be longer than the maximum of the sampling time for volume or

temperature.
A
° C f S—— Q A_ """""" 7.4.4.2 Thermal response time
. STEP !
H ! R . t The temperature sensors shall be tested according to EN 60751:2008, 6.5.2. For sensors designed to be
i TEMPERATURE 1 €sistance mounted in pockets the test should be made with pockets. The response time shall not exceed the
"""""" manufacturer’s specification.
—> >
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// Thermal energy meter — Flow sensor
Flow sensor test — actual approach EN 1434-4:2022

Decision rule: Pass/Fail
( NO Performance Criteria: 7,)
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Vref = jY(t)dt V = At X z q(kAt)

error = V_vref X 100 < MPE ?

Vref

Annex C
(normative)

Fast response meters

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

— response time (7;5): max. 6s for direct long temperature sensors; max. 2,5 s for direct short
temperature sensors;

— temperature sampling time/ temperature sampling time interval:
< 4 Seconds (non-residential buildings, e.g. medical practice);
< 8 Seconds (family houses, multi apartment / residential buildings);

— volume sampling time / volume sampling time interval:

Flow sensor

< 2 Seconds (non-residential buildings and family houses);

— integration time shall not be longer than the maximum of the sampling time for volume or

temperature.

CALCULATOR

; NO =Not FAST
7 YES—=FAST

A4
Lol
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// Thermal energy meter — Flow sensor

Flow sensor test — proposal for performance criteria

Proposal for decision rule:
Performance Criteria: Tg .. L5009,?

0,9
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Flow sensor —

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

Turbine flow meter Electromagnetic and Ultrasonic flow meters
(Continuous time domain) (Discrete time domain)

Momentum law:

dw
ZT K~ " L4

Figure 8 Magnetic-inductive flow sensor

Figure 7 Ultrasonic flow sensor

S/H |—p| AD DF
Y T sum of all the torques acting on the turbine a,(t) —» S/ » AD —» q:(k At)
K; turbine's axial moment of inertia T
wy, turbine's angular velocity %’At
dwg,
K;—— dt + K ,wy = Tiar
q=q(t) G(s) = —— q = q,(kAt)
q
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// Thermal energy meter — Flow sensor

BDaIIy tapping profile Swedish RISE Institut with BBR flow rates

Daily tapping profile for residential building [family household]
20

Tapping flow [I/min]
N

—

Deviation with Sampling Relation 'Temp. : Volume
m1

00:00:00 06:00:00 '?r?::1n
Tapping ;
profile .

Main part of
Deviation is due to
sampling rate effect

Sampling relation i sec.

T~

Relative Devistion [%]
BB Bk EEESE .

Residential (family) tapping profiles lead to lower
deviations. Non residential tapping profiles more

sensitive in relation to the sampling rate.

Proposal for “fast response” test

Tapping profile: combination of periods with flow rate = qp or 0 (switching), start with q =0

Flow [ep]

0 WLl U

0 200 400 600 800
Time (8]

Lowering the sampling rate leads to significant
higher losses of the heat calculation. Influence
of sensor inertness lower than sampling rate.

" %~_Swedish profile

1000

1200

1400

* the water temperature shall be in the range (1515) °C
* opening & closing time of the utilized valve: < 1 Sec

* 6 samples of identical flow meters (15 repetitions with each)

averaged deviation (q - dy,.,) of 15 repetitions of all 6 samples

shall not exceed the MPE

« only 5 out of 15 deviations determined

for all 6 samples are allowed to exceed the MPE

Dr. Arne Kahler
Head of Research & Development
Techem Energy Services GmbH
Haupstr. 89
65760 Eschborn

arne.kaehler@techem.de

EMATEM 2019, Fulda: Fast response thermal energy meters; Dr. Arne Kahler, Techem Energy Services GmbH
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// Thermal energy meter — Flow sensor

Y
T ] Volume error VS, Sampling time
08 Vamn\ 4 ' |
o prEN 1434-1:2020 (E) Annex C
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// Thermal energy meter — Flow sensor

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

error(At) = At X z q(kAt) — jq(t)dt =0

DISCRETE TIME CONTINUOUSTIME

. . : 1 :
The Nyquist—Shannon sampling theorem : for a given sample rate f¢ = o ,perfect reconstruction

fs

is guaranteed possible for a bandlimit B < >

7m
@

1
qu+1

G(s) =

q
1 fs 1 /[ At : SAMPLING TIME
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// Thermal energy meter — Flow sensor

Response Tq |At, max
(s) (s) e At
0,10 | 0,31 q~—
JSE | 0,20 | 0,63 /15
N@Y | 0,40 1,26
FAST | 0,64 2,0 error(At) =0
0,80 2,5
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NOT 16 50 F(EEAA
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Flow sensor —

Step respons
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// Thermal energy meter — Parameter estimation

(L IBRA
EN ISO 17025 CALIBRATION LABORATORY

iz,

\\‘\\\\ / 7,

SN
==l ACCREDIA X
:"{’/l'////_—\}-\\\\\\}? L'ENTE ITALIANO DI ACCREDITAMENTO - )
il 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

| FLOWRATE
t

q(t) - qO _ Pulses frequency

T
1 - e a DATA LOGGER

A STEP FLOW

,

Test results q(t) can be fitted to evaluate the parameter Tq-
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// Thermal energy meter — Parameter estimation
Flow sensor - step response

Device /
Under Test

DN50 Isoil MV110+MS2500

o bo— ] - «Dumping» selectable
i — = = :@ {-H

1l

MASTER
Reference Flow meter

7
6 Raw data
PUMP =5
>~
g4
[
= 3
22
1
———DUT == MASTER
0
0 20 40 60 80 100 120 140 160
time (s)
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// Thermal energy meter — Parameter estimation

t) — -t
10 -9% _ ,_
Aq
Digital filter set: “MFDMP=2"
1,1 1,1
1 1
0,9 I —— 0,9 \
0,8 | 0,8 |
0,7 i 0,7 |
3 0,6 : 3 0,6 :
=05 , =05 |
0,4 1 0,4 }
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0,2 : 0,2 :
O’(l) —A Y O’é Y o
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time (s) time (s)
toooy — t109% = 2,285 too% — t109% = —2,40s
T = |t90%—t10%|= 2,28 -1.03 T = |t90%—t10%|= 2,40 -1.09
q In(9) in(9) -’ q In(9) ) -’
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// Thermal energy meter — Parameter estimation

t

t) — _t
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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

Reference \'k 08l
FLOWRATE
-I¥
DUT FLOWRATE "
8 04
g \
| T
(0] 43 6 8 10
|
A} 8 I
REFERENCE FLOWRATE I
'y
L | xw DUT B30 l
©
FLOWRATE -
y(t) & :
LA _ 5—60

I e
-90 1 | | | 1 1
Figure 17.6 Normalized response of a first-order sys-
tem to sinusoidal signals of varying frequency

Handbook of Measurement Science, Volume 2: Practical Fundamentals, P.H. Sydenham, R. Thorn 1991 by Wiley
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// Thermal energy meter — Parameter estimation

Flow sensor - Sine wave response

Device /
Under Test

DN50 Isoil My110+M82500
«Dumping» selectable

Sk ma mlﬂ S

MASTER
Reference Flow meter

8
7
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_AC s, Rawdata
inverter 3
=
2
1 ——Q_DUT =———Q_MASTER
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0 5 10 15 20 25 30
time (s)
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// Thermal energy meter — Parameter estimation

Digital filter set: “MFDMP=2"

8

7,5
7
=
= 6,5
3
g 6
2
3 55
£
5
4,5
= (Q_DUT === (Q_MASTER
4
0 2 4 6 8 10 12 14 16 18 20
time (s)

x=5711/s;y=3311/s; T=5051s

2T 21 114 rad/ 1
Ww=——=—-——"= rad/s
T 551 T, = —1=1,23s
y_331_ q 1,14 | 0,582
T=T571" "
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// Thermal energy meter — Parameter estimation

Digital filter set: “MFDMP=5"

7,5
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— 6,5
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=55
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4,5

——Q_DUT ——Q_MASTER
4
0 2 4 6 8 10 12 14 16 18 20

x=5711/s;y=149 l/s; T=550s

2T 21 114 rad/ 1
Ww=——=—-——== rad/s
T 550 T, = —1=3,25s
y_149_ q 1,14 0,262
T=T571" "
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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 : (7g, 7,)

* test methods for estimate (74, 7,) parameters are available
* Dimensional homogeneity on quantity involved:

— Tp time constant for temperature measurement

— T4 time constant for volume measurement

* |s possible to define a dynamic response classification and fast

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

v<064 At<2s
0,645<T<8s At<25s
w85 At> 25
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