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Lebensdauerbetrachtungen der thermische Energiemessung 
oberhalb von 10 Jahren.

Schwerpunkt: Durchfluss relatiert

Life time considerations of thermal energy measurement; 
expectations for more than 10 years.

Highlight: flow related

Humphrey L. Spoor
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Definitions durability and (expanded) life time.

1. Durability can be defined as the ability of a product to perform its required
function over a long period under normal use conditions without excessive
expenditure on maintenance or repair.

EN 1434-1: 3.24: Durability is the characteristic of a measuring instrument to keep the metrological characteristics over
time (e.g. to fulfil the double of MPE), provided that it is properly installed, maintained and used within the permissible
environmental conditions.
EN 1434-4: 7.2 Durability test (7.8); the effect of abrasion and deposition is changing for liquids other than water
because the viscosity and density of the liquid is an additional factor on the flow behaviour. Therefore, this test shall be
carried out at the limits of the foreseen field of operation with regard to viscosity and density- so at the highest and
lowest viscosity and density expected with the stated liquids, temperatures and concentrations.
EN 1434-4: 7.2.1 to 7.2.4 The durability period (5 years) is scalable by its number of hours up to 10 years. After the test
with liquids other than water the meters should be taken apart and examined for damages.

Linear extrapolation is used to come from 5 to 10 years, however, the failure
probability will increase exponentially in the long run.
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2. A life time prognose, the lifespan, is the length of time for which material
properties of a product have permanent strength to resist external influences,
such as mechanical-, thermal-, chemical- or hydraulic stress.

EN 1434-1: 3.25, A long life flow sensor is a flow sensor designed to have a longer lifetime than a normal flow sensor,
which (the latter one) typically has a durability of 5 years under the specified operating conditions. (What is longer? 
What is normal?)

There are clear overlaps between the two, but also distinctions. EN 1434 leaves the
discussion open, especially the second interpretation… How is “End_of_Life”
defined? Metrological? Leakage? Wear? Scaling? Any cause?

Complex costly testing should be avoided. Is it possible to get away from
assumptions and do clever over-all measurement, which make a quantitative
prediction?

The priority here will start with regarding water-based conveying liquids.
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EN 1434-1 Annex A (normative)
The IAPWS (The International Association for the Properties of Water and
Steam) http://www.iapws.org/ has made polynomial fittings up to the 17th

degree for various pure water quantities: e.g., density [kg/m3], specific
heat capacity [kJ/kg/K], and kinematic viscosity [m2/s] in relation to
temperature and pressure, which are reflected in the normative annex A of
the norm EN 1434-1.

Unfortunately, no one in the world will use pure water as a heat conveyer 
in its thermal energy transport system, because of its aggressive
chemical properties, high freezing point, and commercial availability.
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EN 1434-1 Annex A (normative)
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Water quality
• Pure water [< 0.05 S/cm] is hard to get in practice, dangerous, and highly

aggressive. Minerals in water are indispensable also to prevent for tube wall
damages. Pure water reacts chemically as a radical and in a matter of hours the
water has distracted enough wall atoms to satisfy it’s electro-chemical
equilibrium; increasing its conductivity.

• Severe distillate water, resp. condensate [0.05 < S/cm < 1 ] is undesirable too, for
the same reason. Less severe distillation degrees will gradually be less harmful.

• The water conductivity should not become under say 100 S/cm (and not on only
because EMFM’s might be present in the circuitry) to be and remain on the safe
side.

The following table shows water qualities that all have been encountered in real
situations and have been subjected to discussions and (field) testing. Many common
meter materials do not cope with both extremities mentioned above.
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Water quality
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Water and dissolved oxygen concentrations

Apart from this water quality the oxygen concentration may also become an issue.
As closed circuits does not really exist (e.g., exchanging parts, replenish water, pumps
taking-in air through bearings, etc.) it is an illusion to assume that once purged and
having overcome the bigger oxygen-part by means of scavengers it will stay that way.

So, here starts the endless story of additives in water.

First of all: overdose kills !!
Swiss Alchemist Paracelsus (1493-1541): „Alle Dinge sind Gift, und nichts ist ohne
Gift; allein die dosis machts, daß ein Ding kein Gift sei.“

Second: not only the concentration counts, but also in combination with pH-Value,
conductivity, solubility of ingredients, temperature, and so on.
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Oxygen scavengers
The use of oxygen scavengers such as sulphite ions (SO3

2-) may change the water 
composition and its physical quantities (, cp, ), but will not chemically attack most 
materials. E.g., 4 Na+ + 2 SO3

2- + O2 => 4 Na+ + 2 SO4
2- (sodium sulphite becomes 

sodium sulphate).

Sulphite chemistry is complex as there are many sulphur-valences possible (-2, -1, 0, 
+2, +4, +6).

Also the use of Hydrazine (N2H4) as scavenger has been used to reduce the rate of 
corrosion in boilers by removing the dissolved oxygen from the water, but this 
becomes more and more obsolete.

A few “ideal” water recommendations have been documented as references. 
However, only what you see (water analysis, measured) is what you get.
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AGFW FW 510: Requirements for circulation water
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VDI-Richtlinie: VDI 2035

The VDI has issued a special bulletin on the topic of 
scaling:

Vermeidung von Schäden in Warmwasser 
Heizungsanlagen; Steinbildung in Trinkwasser 
Erwärmungs- und Warmwasser-Heizungsanlagen.
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The influence of water hardness
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• The discussion about test water for durability tests started more 
than 10 years ago, and had not ended yet either.

Water composition is entangled with meter performance and life 
time. The conveying liquid is part of the measurement system!
• Studies of water with additives show that the conveying liquid 

composition interacts with the physical-metrological performance.
• The chemical-composition will influence other aspects, such as the 

strength of materials, the surface conditions, wear, fatigue of seals, 
scaling, magnetite building and particle structure.
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Short history durability working groups TC 176 WG2

• 2013-12-30: An ad hoc group consitting of 
K.Mattiasson M.Skogström B.Frank had 
several meetings and communicated 
some of their findings. 

• 2017-08-08: The ad hoc group changed 
composition: Marie Skogström, Tord
Kjelling, Günter Leitgen, Edgar vom
Schloß, Humphrey Spoor.

• 2018-11-07: the group made a final report 
about an operation modus with clear 
recommendations.
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Findings 2018 ad hoc group TC 176 WG2
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CEN TC 176 WG2 Ad-Hoc-Group „adapt the meter onto its application”.

Recommendation: make distinctions, offer choices, divide meter in classes: 
regular-robust-industrial. Give the consumer its free choice back.

• Spec. W1:
• Water according CEN/TR 16911

• Spec. W2:
• Water according CEN/TR XXX

• Spec. W3:
• water (particles, dirt, aggressive, desalted)

• Spec. O:
• Other liquids (has to be specified)



2023 Humphrey Louis Spoor 21

Other aspects (under construction)

In case of the use of applications with piezo-electric elements:
• Ultrasonic, thickness vibration mode, polarisation d33, typical 1 MHz
• Fluidic, flexion mode (cantilever), polarisation d31, typical 0.2 till 50 Hz

Ageing aspect influence on lifespan:
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Ageing of poly-crystalline piezo material 
Natural mono crystals as quartz have a weak natural piezo effect with a
permanent polarization. The polarisation is “frozen”.
Industrial pressed poly-crystalline piezo disks have an artificial piezo effect, only
up to their Curie-temperature. This is not some digital limit. PZT27 material for
instance has a Curie temperature of 250°C, and can therefore only be used stable
up to 150°C. Depolarisation of this material is a continuous degradation process,
depending on both time and temperature. After a few hundred years they will
have lost most of their piezo effect and become ordinary “stones”; however, one
can polarize them again if one likes.

The following graph shows the ageing effect; on the shelf, or by use at elevated
temperature. The initial state has been measured; the calculation has been done
forwards- and backwards in time. The aging process described is easily practically
verifiable.
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To be continued: the creation of ad hoc group lifespan,
besides the already existing ad hoc group durability.
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Today’s bonus: the “forgotten” contribution!

Partially related to life-time (the transport of 
conveying liquids under constant pressure stresses 

materials).
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Thermodynamic Potential Functions

Four basic thermodynamic potential functions [kJ] exist with each having their own
applications / advantages:
U(S,V): Internal energy; isentropic (adiabatic), or isochoric apps
H(S,P): Enthalpy; heat transfer applications (H=U+pV)
F(T,V): Free energy (Helmholtz function); isothermal or isobaric processes; chemical
reactions (F=U-TS)
G(T,P): Free enthalpy (Gibbs function); isothermal and isobaric processes; phase
transitions (G=U+pV-TS)
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For enthalpy difference H this becomes:
H = TS + Vp = exchanged heat + transport energy (displacement work)
H = m cp(T) dT + V(p) dp = (Tmeter) V(Tmeter) cp(T) dT + V(p) dp = TEM + WORK
All terms consider only the part between Tup and Tdwn. And Tmeter can be Tup or Tdwn.

The second term in the enthalpy equation (red) is the transportation energy, similar
as for electric power transport. This part is not included in the TEM! V(p) becomes V
for “incompressible” liquids. The eventual liquid volume change under declining
pressure over the section between Tup and Tdwn may be present or not; but the
component is there! A typical order of magnitude in practice is that 95% to 97% is
thermal energy exchange, and, consequently, respectively 5% to 3% is transport
energy loss in friction (pumping energy to bring the liquid from Tup to Tdwn)!

It would only be fair to pay the postman! But then it takes two “integrated
pressure/temperature” sensors; nothing magic today. Besides, measuring both 
pressures also encloses a complete other world        , but that is another topic.
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No two water compositions are the same!

So, what do you expect from a general 
statement about life-time?

Looking for the emergency exit?

Regularly spectral analysis with Q-Sweep!

Thank you for your attention !


