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Concentration Measurement of Heat Transfer Fluids BELllﬁf)@
Problems in Practice

measuring refractive index / density
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Motivation BELIMO

= Belimo is selling ~30% of our meters into cooling applications with glycols
= EN1434 was adapted to also cover liquids other than water

= If MID is expanded to cooling applications, customers can do billing on these devices

- it makes sense to know what uncertainties can be expected



Calculation of Thermal Energy

8 Heat transmission formula
Heat transmitted to or from a body can be determined from a knowledge of its mass, specific heat
capacity and change of temperature.

In a thermal energy meter, the rate of change of enthalpy between the inlet and outlet through a heat
exchanger is integrated with respect to time. The formula for its operation is as follows:

V.

Q= .[lkac-)dv
Yo (1)
where
Q is the quantity of heat given up or absorbed;
vV is the volume of liquid passed;
k called the heat coefficient, is a function of the properties of the energy-conveying liquid at

the relevant temperatures and pressure;

A®  isthe temperature difference between the inlet and outlet of the heat exchange circuit.

The conventional true value of the heat coefficient k, for water, if it is used as the system heat conveying
liquid, shall be obtained from Formula (A.1) in Annex A - where the pressure shall be set to 16 bar.

When using heat-conveying liquids other than water the respective heat coefficient calculation is given
inA.2.

source: FprEN 1434-1:2022
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A.2 Heat-conveying liquids other than water

For heat-conveying liquids other than water, the calculation of the heat coefficients can be carried out
according to a simplified form, which is proven to produce results well within the uncertainty of the
heat coefficient:

elog) %
ky =?-gjcp (6)do
! (A.8)
/ 2]
ple.) T .
k. = o c,(@)do
o

(A.9)

The values of p(8) and c¢,(@) shall be determined based on traceable measurements (consider e.g.
ASTM D5931 or DIN 51757:2011 for density measurement and ASTM E1269 or DIN 51007:2019 for
specific heat capacity measurement).

source: FprEN 1434-1:2022
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thermal energy consumed

p density
0, temperature at return from consumer
¢ temperature at inlet to consumer

O0rp  temperature at flow body

6
Q = Cp (@(t))d@ . V(HFB (t), t) dt cp specific heat capacity

A® (1) 0

vV volumetric flow
t time



Additional Influences with Liguids other than Water BELIMO

F 000 (¢ Or -
0 [ SBé)))'(L cp(@@)d@)-vwFB(t),t)dt
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to

. p(Orp) or :
0 = e (Lf cp(®)d®> -V (Opg)

thermal energy consumed
thermal power consumed
density
temperature
temperature at flow body
specific heat capacity
volumetric flow
time
Reynoldsnumber
kinematic viscosity

as Measured flow velocity

V= f(Re, Vmeqs)
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Re = f(V: vmeas)
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p = f (6, fluid, conc) ¢, = f (0, fluid, conc) v = f (0, fluid, conc)
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Influence of Flow profile BELIMO
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The correction curve k (v,,,.45) IS generated empirically during the adjustment process in productlon
If plotted vs. Re, the curve becomes independent of Kin. viscosity =

dv - dRe — dk — AV




Uncertainty of
Concentration Measurement



Density Measurement (in the field) BELIMO

The hydrometer shall exhibit an expanded measurement uncertainty (k = 2) of at least 0,001 g/cm? for
the determination of density.

3 B dconc 30 = 65 %Vol. g B 5 ,
conc = 0 p = 650 g/— - 0.001 /cm3 = 0.65 %Vol.
cm3
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70

60
50

<§___, ]

40

30

concentration [%Vol.]

20

10

Marin 0.99 1 1.01 1.02 103 1.04 1.05 1.06 1.07 1.08 1.09
density [g/cm3]

source: https://www.tropic-marin-smartinfo.com/en/analytics/measuring-cylinder-and-high-precision-hydrometer.html



concentration [%Vol.]

Influence of Fluid in Concentration vs. Density Table
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Refractive Index Measurement (in the field) BELIMO

The refractometer shall exhibit an expanded measurement uncertainty (k = 2) of at least 0,001 nD for
the determination of the refractive index.

ethylene based glycol
dconc %Vol.

dconc = ——-0nD =924 ———-0.001 nD = 0.924 %Vol.
onD nD 0

70

concentration [%Vol.]

Refractometer 30GS

Portable Refractometry.

Portable refractometer, ergonomic and fast. Measures refractive index within a
range of 1.32 - 1.65 nD, with an accuracy of £ 0.0005 nD. Measures Brix within
a range of 0 - 100%, with an accuracy of £ 0.2%.

Quick and Error-Free

"|

| 5 ]
134 135 1.36 137 138 139 14
6 refractive index nD @20°C

mmm},ﬁ
Place a few drops of sample on the cell, push the button, and read the final result with the
temperature directly in the required measurement unitsl
An Instrument on the Go
Take measurements easily anywhere you go with our practical carrying cases.
Compliant Data Management @
Store and keep track of up to 1100 results on your instrument, and print or transfer them to your PC.

Source:https://www.mt.com/ch/en/home/products/Laboratory Analytics B 10

rowse/refractometer/portable-refractometer/refracto-30px.html



Influence of Fluid in Concentration vs. nD Table BELIMO

ethylene based glycol
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Speed of Sound Measurement (inline)

Water : 0
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Speed of Sound Measurement (inline) BELIMO
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Speed of Sound Measurement (inline)

Antifrogen L
dconc 0
dconc = —— - 0so0s
dsos
60
50
Fluid Temperature dconc dsos dconc
dsos -
Antifrogen 10°C 0.10 %Vol. /1 m/s 2.5m/s 0.25 %Vol. %40
L
40 °C 0.30 %Vol./ 1 m/s 3m/s 0.9 %Vol. g 30
i | [ |
70 °C 0.60 %Vol./ 1 m/s 4 m/s 2.5 %Vol. " o
1
10 -
. . . . 0 =
Uncertainty of concentration measurement via speed of sound is 1400.00 1450.00 1500.00 1550.00 1600.00

better at concentrations below 35..40% and in cooling applications speed of sound [/
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—10°C
40°C
—70°C

1650.00 1700.00 1750.00
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centration [%Vol.]
IS

Problem for all three methods

ethylene based glycol

ethylene based glycol

10

0
134 135 1.36 137 138
refractive index nD @20°C
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how where these tables obtained?

how trustworthy are the tables?
what is the concentration reference?

Antifrogen L

1650.00 1750.00
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Reference for Concentration Measurement BELII\W&

= Important to create the tables = p(conc), nD(conc), sos(conc)

= All glycols are hydrophile = water content is increasing over time
= Rest fluid in tanks and trucks creates contaminations
—> very hard to get “pure” fluids and to blend the necessary concentrations

= Gold Standard to measure water content is Karl-Fischer Titration

16



Uncertainty KF-Titrator — Antifrogen L 30% BELIMO

Wassergehalt Antifrogen L 30%
T T

71.5 T T 714
Mean: 70.8705 7ol I
_ H Sig 026162 : I 0 0 . . I
@ n: " - -
g, | - | e = Repeatability: +/- 0.3% (95%-KI) is possible
g <% %
% i 708 - =
=705} ! [ X ! ! 1 o8|
E‘C‘I\ *®
70.4
70 . . . . 70.2
May 12 May 15 May 18 May 21 May 24 05 1 15
2022
Tag 1 - lodkonz. gemessen Tag 2 - lodk Tag 3 lodk vom Vorta Tag 4 lodkonz. gemessen
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® E
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16:10 1620 16:30 16:40 17:40 17:50 1510 1520 1530 16:00 1610
May 12, 2022 May 17, 2022 May 18, 2022 May 25, 2022

= Concentration of «reference fluid»
(to calibrate the device):

10.22mg/g+10.03mg/g

— 0
10.03mg/g +1.9%

10.03 +/- 0.19 mg/g =
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Mitigating Dependency on Concentration BELIMO
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Influence of Concentration on
Thermal Energy Measurement



Uncertainty Calculation

O
f ¢,(0)dO |- V(Orp)
O

V= f(Re, Vpeqs)

DT O

y

Re = f(V; vmeas)

= X T <
®

Umeas

'
p = f (0, fluid, conc) ¢, = f (0, fluid, conc) v = f (6, fluid, conc)

= Assumption is that the fluid is known
—> changes due to aging or contamination are not reflected in these considerations

Ny
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thermal energy consumed
thermal power consumed
density

temperature

specific heat capacity
volumetric flow

time

Reynoldsnumber
kinematic viscosity
measured flow velocity
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Density p =1 (8, fluid, conc) BELIMO

aaaaaaa

= Sensitivity of density

Fluid Antifrogen L @60 %Vol. @0°C
kg kg % concentration
Absolute Influence 9 _ 08 /m3 op  _ 1 /m3 z o
00 K dconc %Vol. g — 0
dp dp
Relative Influence _/59 - —0.08% —/ac‘mc =0.1 %
K p % Vol.

000000

Temperature [C]

ooooooo

Assumption: d0 = 0.3K, dconc = 3% Vol.

temperature

= Relative contribution of uncertainty of density to uncertainty of
energy measurement

—0
—20
—40
60
80

ap/ ap/ |
i - 00 = —0.024 % dconc - dconc = 0.3%

nnnnnn

p p 0 10 20 30 40
Concentration Antifrogen L [% Vol.]
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Specific Heat Capacity

cp, = f (0, fluid, conc)

= Sensitivity of specific heat capacity

Fluid Antifrogen L @60 %Vol.

Absolute Influence

Relative Influence

Assumption: d0 = 0.3K, dconc = 3% Vol.

= Contribution of uncertainty of specific heat capacity to uncertainty

of energy measurement

acp

an/
— 109 59 = 0.072%

dconc dconc = —3%

Cp Cp

<p [KI/Kg*K]

nnnnnnn
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spec. heat capacity [KJ/kg*K]

nnnnnnn

nnnnnnn

0000000

&
Concentration [%Vol.]
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concentration

temperature
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40
—80
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Kinematic Viscosity and Reynoldsnumber

v = f (0, fluid, conc)

= Sensitivity of kinematic viscosity and Reynoldsnumber

Fluid Antifrogen L @60 %Vol. @0°C
mmz/ v mmz/
Absolute Influence v _ 1927 s —0. s
a6 K dconc % Vol.
av av
Relative Influence /a0 __5q10 [aconc _3g 2
v K v % Vol.
D-v
Re =
1%
Fluid Antifrogen L @60 %Vol. @0°C
dRe JdRe
Relative Influence ﬂ - +5_1% M -3 %
Re K Re % Vol.

kin. visc. mm2/s

kin.visc. [mm2/s]
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concentration
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kin. Viscosity
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50%
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Volumetric Flow BELIMO

dconc = dv - dRe — dk — dV = Sensitivity of correction curve k
d0 — dv —» dRe — dk — 9V Re dRe(0) ok v
1000 1015 1.3277 instead 1.3265 +0.09%
aRe/ aRe/
a0 dconc
Re Re 5000. 5077 1.4189 instead 1.4185 +0.03%
+5.1 % rel. per K -3.8 % rel. per 1%Vol.
20000 20306 1.4581 instead 1.4577 +0.03%
Assumption: 30 = 0.3K, dconc = 3% Vol. 100000 101530 1.4928 instead 1.4926 +0.01%

1.550

- Re dRe(conc) ok oV
5 1000 886 1.315 instead 1.3265 -0.83%
‘-‘g— 1.400
= 5000. 4430 1.415 instead 1.4185 -0.25%
E 1350

20000 17720 1.455 instead 1.4577 -0.19%

1.300

e . 100000 88600 1.4905 instead 1.4926 -0.14%

l 0 50000 100000 150000 200000 250000

Re
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Thermal Power

00 = 0.3K -

dconc = 3%Vol. -

c,(0)dO | - V(6pp, t)

_ p(Orp) . fer -
6

V=F(R

e, vmeas)

y

Re = f(V; vmeas)

\

y

p = f (0, fluid, conc)

ap/p = —0.024 %

ap/p = 0.3%

¢, = f (0, fluid, conc) v = f (0, fluid, conc)

IR TO DO O
3 ® -

)

Q

1%}

oc /
p/cp = 0.072% aV/V = 0.01...0.09%

; .
Cp/cp _ 30 W/, =-014...~0.83 %
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thermal energy consumed
thermal power consumed
density

temperature

specific heat capacity
volumetric flow

time

Reynoldsnumber
kinematic viscosity
measured flow velocity
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Conclusion



Concentration Measurement BEUM(’T

[

| ethylene based glycols
\ ’

NO:

"‘.n-—

0

0 ——Zitrec MC

taking the probe : y . i
measuring density unknown fluid :
temperature of probe

_ . ° AP
=

reference concentration
measurement for property
tables

calculating concentration

— 20
with property tables of fluid dconc = 3 )0

measuring speed of sound
measuring inline _
measuring temperature
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Energy Measurement with Liquids other than Water BELIMO

= Influence of temperature << Influence of concentration

= Dominating influence of concentration on ¢, and V (up to 4%) ac, / .
= especially for high concentrations (> 35%) c, = —3%

= especially at high temperatures (> 30°C)

aV . = — — 0]
= especially at low flows (laminar zone) / p = "0.14..-0.83%
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Outlook s0s BELIMO

= Reference concentration influence can be mitigated p S0S

= Cooling Applications (-5..30°C) with limited dynamic range T
(1:30) and limited glycol concentrations (< 35% Vol) can reach ¢
1..2% additional error on energy measurement (compared to
water applications)

—> Class Il seems technically feasible

b 508
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