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Concentration Measurement of Heat Transfer Fluids  
Problems in Practice
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taking the probe

measuring refractive index / density

changing recipes – changing concentration calculation

unreliable published fluid data

unknown fluid



Motivation

3

▪ 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
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𝑄 = න

𝑡0

𝑡1
𝜌(𝜃𝐹𝐵(𝑡))

∆Θ (𝑡)
∙ න

𝜃𝑓

𝜃𝑟

𝑐𝑝 Θ 𝑡 𝑑Θ ∙ ሶ𝑉(𝜃𝐹𝐵 𝑡 , 𝑡) 𝑑𝑡

𝑄 thermal energy consumed

𝜌 density

𝜃𝑟 temperature at return from consumer

𝜃𝑓 temperature at inlet to consumer

𝜃𝐹𝐵 temperature at flow body

𝑐𝑝 specific heat capacity
ሶ𝑉 volumetric flow

𝑡 time

source: FprEN 1434-1:2022

source: FprEN 1434-1:2022



Additional Influences with Liquids other than Water

5

𝑄 = න

𝑡0

𝑡1
𝜌(𝜃𝐹𝐵(𝑡))

∆Θ (𝑡)
∙ න

𝜃𝑓

𝜃𝑟

𝑐𝑝 Θ 𝑡 𝑑Θ ∙ ሶ𝑉(𝜃𝐹𝐵 𝑡 , 𝑡) 𝑑𝑡

𝜈 = 𝑓 (𝜃, 𝑓𝑙𝑢𝑖𝑑, 𝑐𝑜𝑛𝑐)

𝑄 thermal energy consumed
ሶ𝑄 thermal power consumed

𝜌 density

𝜃 temperature

𝜃𝐹𝐵 temperature at flow body

𝑐𝑝 specific heat capacity
ሶ𝑉 volumetric flow

𝑡 time

𝑅𝑒 Reynoldsnumber

𝜈 kinematic viscosity

𝑣𝑚𝑒𝑎𝑠 measured flow velocity

ሶ𝑄 =
𝜌(𝜃𝐹𝐵)

∆Θ
∙ න

𝜃𝑓

𝜃𝑟

𝑐𝑝 Θ 𝑑Θ ∙ ሶ𝑉(𝜃𝐹𝐵)

𝜌 = 𝑓 (𝜃, 𝑓𝑙𝑢𝑖𝑑, 𝑐𝑜𝑛𝑐) 𝑐𝑝 = 𝑓 𝜃, 𝑓𝑙𝑢𝑖𝑑, 𝑐𝑜𝑛𝑐

ሶ𝑉 = 𝑓(𝑅𝑒, 𝑣𝑚𝑒𝑎𝑠)

𝑅𝑒 = 𝑓 𝜈, 𝑣𝑚𝑒𝑎𝑠



Influence of Flow profile
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ҧ𝑣 = k (𝑣𝑚𝑒𝑎𝑠) ∙ 𝑣𝑚𝑒𝑎𝑠

𝑣𝑚𝑒𝑎𝑠 ≠ ҧ𝑣

The correction curve k (𝑣𝑚𝑒𝑎𝑠) is generated empirically during the adjustment process in production. 

If plotted vs. Re, the curve becomes independent of kin. viscosity

cross-sectional 

area A

ሶ𝑉 = න
0

𝑅

න
0

2𝜋

𝑣 𝑟, 𝜑 𝑑𝑟 𝑑𝜑 = ҧ𝑣 ∙ 𝐴

𝜕𝜈 → 𝜕𝑅𝑒 → 𝜕𝑘 → 𝜕 ሶ𝑉



Uncertainty of 
Concentration Measurement
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Density Measurement (in the field)
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𝜕𝑐𝑜𝑛𝑐 =
𝜕𝑐𝑜𝑛𝑐

𝜕𝜌
∙ 𝜕𝜌 = 650

%𝑉𝑜𝑙.

ൗ
𝑔
𝑐𝑚3

∙ 0.001 ൗ
𝑔
𝑐𝑚3 = 0.65 %𝑉𝑜𝑙.

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



Influence of Fluid in Concentration vs. Density Table
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𝜕𝑐𝑜𝑛𝑐 ≈ 7%𝑉𝑜𝑙. 𝜕𝑐𝑜𝑛𝑐 ≈ 7%𝑉𝑜𝑙.



Refractive Index Measurement (in the field)

10

𝜕𝑐𝑜𝑛𝑐 =
𝜕𝑐𝑜𝑛𝑐

𝜕𝑛𝐷
∙ 𝜕𝑛𝐷 = 924

%𝑉𝑜𝑙.

𝑛𝐷
∙ 0.001 𝑛𝐷 = 0.924 %𝑉𝑜𝑙.

Source:https://www.mt.com/ch/en/home/products/Laboratory_Analytics_B

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



Influence of Fluid in Concentration vs. nD Table
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𝜕𝑐𝑜𝑛𝑐 ≈ 2%𝑉𝑜𝑙.



Speed of Sound Measurement (inline)
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Water



Speed of Sound Measurement (inline)
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Speed of Sound Measurement (inline)
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𝜕𝑐𝑜𝑛𝑐 =
𝜕𝑐𝑜𝑛𝑐

𝜕𝑠𝑜𝑠
∙ 𝜕𝑠𝑜𝑠

Fluid Temperature 𝜕𝑐𝑜𝑛𝑐

𝜕𝑠𝑜𝑠

𝜕𝑠𝑜𝑠 𝜕𝑐𝑜𝑛𝑐

Antifrogen

L

10 °C 0.10 %Vol. / 1 m/s 2.5 m/s 0.25 %Vol.

40 °C 0.30 %Vol. / 1 m/s 3 m/s 0.9 %Vol.

70 °C 0.60 %Vol. / 1 m/s 4 m/s 2.5 %Vol.

Uncertainty of concentration measurement via speed of sound is 

better at concentrations below 35..40% and in cooling applications

 

  

  

  

  

  

  

  

                                                        

 
 
 
 
  
 
  
 
 
 
 
  
 
  
  
 

                    

           

    

    

    



Problem for all three methods
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▪ how where these tables obtained?

▪ how trustworthy are the tables?

▪ what is the concentration reference?



Reference for Concentration Measurement
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▪ Important to create the tables → 𝜌(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

source: https://www.sigmaaldrich.com/CH/de/technical-documents/technical-article/analytical-chemistry/titration-and-karl-

fischer/supelco-smart-chemicals



Uncertainty KF-Titrator – Antifrogen L 30%
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▪ Repeatability: +/- 0.3% (95%-KI) is possible

▪ Concentration of «reference fluid» 

(to calibrate the device):

10.03 +/- 0.19 mg/g →
10.22𝑚𝑔/𝑔±10.03𝑚𝑔/𝑔

10.03𝑚𝑔/𝑔
= ±1.9%



Mitigating Dependency on Concentration
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sos

T
𝜌

sos

T
𝑐𝑝

sos

T
𝜈

sos

T
conc

𝜌

T
conc

𝑐𝑝

T
conc

𝜈

T
conc



Influence of Concentration on 
Thermal Energy Measurement
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Uncertainty Calculation

20

▪ Assumption is that the fluid is known

→ changes due to aging or contamination are not reflected in these considerations

𝜈 = 𝑓 (𝜃, 𝑓𝑙𝑢𝑖𝑑, 𝑐𝑜𝑛𝑐)

𝑄 thermal energy consumed
ሶ𝑄 thermal power consumed

𝜌 density

𝜃 temperature

𝑐𝑝 specific heat capacity
ሶ𝑉 volumetric flow

𝑡 time

𝑅𝑒 Reynoldsnumber

𝜈 kinematic viscosity

𝑣𝑚𝑒𝑎𝑠 measured flow velocity

ሶ𝑄 =
𝜌(𝜃𝐹𝐵)

∆Θ
∙ න

𝜃𝑓

𝜃𝑟

𝑐𝑝 Θ 𝑑Θ ∙ ሶ𝑉(𝜃𝐹𝐵)

𝜌 = 𝑓 (𝜃, 𝑓𝑙𝑢𝑖𝑑, 𝑐𝑜𝑛𝑐) 𝑐𝑝 = 𝑓 𝜃, 𝑓𝑙𝑢𝑖𝑑, 𝑐𝑜𝑛𝑐

ሶ𝑉 = 𝑓(𝑅𝑒, 𝑣𝑚𝑒𝑎𝑠)

𝑅𝑒 = 𝑓 𝜈, 𝑣𝑚𝑒𝑎𝑠



Density
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▪ Sensitivity of density

𝜌 = 𝑓 (𝜃, 𝑓𝑙𝑢𝑖𝑑, 𝑐𝑜𝑛𝑐)

ൗ𝜕𝜌
𝜕𝜃
𝜌

∙ 𝜕𝜃 = −0.024 %

Fluid Antifrogen L @60 %Vol. @0°C

Absolute Influence 𝜕𝜌

𝜕𝜃
= −0.8

ൗ𝑘𝑔
𝑚3

𝐾

𝜕𝜌

𝜕𝑐𝑜𝑛𝑐
= 1

ൗ𝑘𝑔
𝑚3

%𝑉𝑜𝑙.

Relative Influence
ൗ𝜕𝜌
𝜕𝜃
𝜌

= −0.08
%

𝐾

ൗ𝜕𝜌
𝜕𝑐𝑜𝑛𝑐
𝜌

= 0.1
%

% 𝑉𝑜𝑙.

ൗ𝜕𝜌
𝜕𝑐𝑜𝑛𝑐
𝜌

∙ 𝜕𝑐𝑜𝑛𝑐 = 0.3%

      

      

      

      

       

       

       

       

       

                        

 
 
 
  
  
  
 
 
  
 
 

                

 

  

  

      

      

      

      

       

       

       

       

       

       

       

       

               

 
  
  
  
  
 
  
 
  

                                 

 

  

  

  

  

Assumption: 𝜕𝜃 = 0.3𝐾, 𝜕𝑐𝑜𝑛𝑐 = 3% 𝑉𝑜𝑙.

▪ Relative contribution of uncertainty of density to uncertainty of 

energy measurement

concentration

temperature



Specific Heat Capacity
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▪ Sensitivity of specific heat capacity

𝑐𝑝 = 𝑓 (𝜃, 𝑓𝑙𝑢𝑖𝑑, 𝑐𝑜𝑛𝑐)

ൗ
𝜕𝑐𝑝

𝜕𝜃
𝑐𝑝

∙ 𝜕𝜃 = 0.072%
ൗ

𝜕𝑐𝑝
𝜕𝑐𝑜𝑛𝑐
𝑐𝑝

∙ 𝜕𝑐𝑜𝑛𝑐 = −3%

        

        

        

        

        

        

        

        

                        

  
  
 
  
 
  
 
 

                

 

  

  

  

  

Fluid Antifrogen L @60 %Vol. @0°C

Absolute Influence
𝜕𝑐𝑝

𝜕𝜃
= 0.008

ൗ
𝐾𝐽

𝑘𝑔 ∙ 𝐾

𝐾

𝜕𝑐𝑝

𝜕𝑐𝑜𝑛𝑐
= −0.03

ൗ
𝐾𝐽

𝑘𝑔 ∙ 𝐾

% 𝑉𝑜𝑙.

Relative Influence ൗ
𝜕𝑐𝑝

𝜕𝜃
𝑐𝑝

= 0.24
%

𝐾

ൗ
𝜕𝑐𝑝

𝜕𝑐𝑜𝑛𝑐
𝑐𝑝

= −1
%

% 𝑉𝑜𝑙.

Assumption: 𝜕𝜃 = 0.3𝐾, 𝜕𝑐𝑜𝑛𝑐 = 3% 𝑉𝑜𝑙.

       

       

       

       

       

       

       

       

               

  
  
   
  
  
  
 
  
  
  
  
  
  
  
 

                    

 

  

  

▪ Contribution of uncertainty of specific heat capacity to uncertainty 

of energy measurement

concentration

temperature



Kinematic Viscosity and Reynoldsnumber
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▪ Sensitivity of kinematic viscosity and Reynoldsnumber

𝜈 = 𝑓 (𝜃, 𝑓𝑙𝑢𝑖𝑑, 𝑐𝑜𝑛𝑐)

 

 

 

 

 

  

  

  

                 

  
 
   
  
  
  
 
 
  
 

                

              

  

   

   

   

 

 

 

 

 

  

  

  

  

                       

  
 
   
  
  
  
 
 
 
  
 

                    

              

 

  

  

  

  

  

  

𝑅𝑒 =
𝐷 ∙ 𝑣

𝜈

Fluid Antifrogen L @60 %Vol. @0°C

Relative Influence
ൗ𝜕𝑅𝑒
𝜕𝜃

𝑅𝑒
= +5.1

%

𝐾

ൗ𝜕𝑅𝑒
𝜕𝑐𝑜𝑛𝑐
𝑅𝑒

= −3.8
%

%𝑉𝑜𝑙.

Fluid Antifrogen L @60 %Vol. @0°C

Absolute Influence 𝜕𝜈
𝜕𝜃

= −1.27
ൗ𝑚𝑚2

𝑠
𝐾

𝜕𝜈

𝜕𝑐𝑜𝑛𝑐
= 0.93

ൗ𝑚𝑚2

𝑠
% 𝑉𝑜𝑙.

Relative Influence
ൗ𝜕𝜈
𝜕𝜃
𝜈

= −5.1
%

𝐾

ൗ𝜕𝜈
𝜕𝑐𝑜𝑛𝑐
𝜈

= 3.8
%

% 𝑉𝑜𝑙.

concentration

temperature



Volumetric Flow
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𝜕𝑐𝑜𝑛𝑐 → 𝜕𝜈 → 𝜕𝑅𝑒 → 𝜕𝑘 → 𝜕 ሶ𝑉

𝜕𝜃 → 𝜕𝜈 → 𝜕𝑅𝑒 → 𝜕𝑘 → 𝜕 ሶ𝑉

▪ Sensitivity of correction curve k

ൗ𝜕𝑅𝑒
𝜕𝜃

𝑅𝑒

ൗ𝜕𝑅𝑒
𝜕𝑐𝑜𝑛𝑐
𝑅𝑒

+5.1 % rel. per K -3.8 % rel. per 1%Vol.

𝑅𝑒 𝜕𝑅𝑒(𝑐𝑜𝑛𝑐) 𝜕𝑘 𝜕 ሶ𝑉

1000 886 1.315 instead 1.3265 -0.83%

5000. 4430 1.415 instead 1.4185 -0.25%

20000 17720 1.455 instead 1.4577 -0.19%

100000 88600 1.4905 instead 1.4926 -0.14%

𝑅𝑒 𝜕𝑅𝑒(𝜃) 𝜕𝑘 𝜕 ሶ𝑉

1000 1015 1.3277 instead 1.3265 +0.09%

5000. 5077 1.4189 instead 1.4185 +0.03%

20000 20306 1.4581 instead 1.4577 +0.03%

100000 101530 1.4928 instead 1.4926 +0.01%Assumption: 𝜕𝜃 = 0.3𝐾, 𝜕𝑐𝑜𝑛𝑐 = 3% 𝑉𝑜𝑙.



Thermal Power
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𝜕𝑐𝑜𝑛𝑐 = 3%𝑉𝑜𝑙.→

𝜈 = 𝑓 (𝜃, 𝑓𝑙𝑢𝑖𝑑, 𝑐𝑜𝑛𝑐)

𝑄 thermal energy consumed
ሶ𝑄 thermal power consumed

𝜌 density

𝜃 temperature

𝑐𝑝 specific heat capacity
ሶ𝑉 volumetric flow

𝑡 time

𝑅𝑒 Reynoldsnumber

𝜈 kinematic viscosity

𝑣𝑚𝑒𝑎𝑠 measured flow velocity

ሶ𝑄(𝑡) =
𝜌(𝜃𝐹𝐵)

∆Θ
∙ න

𝜃𝑓

𝜃𝑟

𝑐𝑝 Θ 𝑑Θ ∙ ሶ𝑉(𝜃𝐹𝐵, 𝑡)

𝜌 = 𝑓 (𝜃, 𝑓𝑙𝑢𝑖𝑑, 𝑐𝑜𝑛𝑐) 𝑐𝑝 = 𝑓 𝜃, 𝑓𝑙𝑢𝑖𝑑, 𝑐𝑜𝑛𝑐

ሶ𝑉 = 𝑓(𝑅𝑒, 𝑣𝑚𝑒𝑎𝑠)

𝑅𝑒 = 𝑓 𝜈, 𝑣𝑚𝑒𝑎𝑠

ൗ𝜕𝜌
𝜌 = −0.024 %

ൗ𝜕𝜌
𝜌 = 0.3%

𝜕𝜃 = 0.3𝐾 → ൘
𝜕𝑐𝑝

𝑐𝑝 = 0.072%

൘
𝜕𝑐𝑝

𝑐𝑝 = −3%

𝜕𝑉′

ൗ𝜕 ሶ𝑉
ሶ𝑉
= −0.14. . . −0.83 %

ൗ𝜕 ሶ𝑉
ሶ𝑉
= 0.01. . . 0.09%



Conclusion
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𝜕𝑐𝑜𝑛𝑐
≈ 7 %𝑉𝑜𝑙.

Concentration Measurement

27

measuring inline

measuring refractive index

changing recipes

unknown fluid

unreliable published fluid data

measuring density

calculating concentration 

with property tables of fluid

measuring speed of sound

taking the probe

temperature of probe

measuring temperature

𝜕𝑐𝑜𝑛𝑐 = 3%

change over time

reference concentration 

measurement for property 

tables



Energy Measurement with Liquids other than Water
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▪ Influence of temperature << Influence of concentration

▪ Dominating influence of concentration on 𝑐𝑝 and ሶ𝑉 (up to 4%)

▪ especially for high concentrations (> 35%)

▪ especially at high temperatures (> 30°C)

▪ especially at low flows (laminar zone)

൘
𝜕𝑐𝑝

𝑐𝑝 = −3%

ൗ𝜕 ሶ𝑉
ሶ𝑉
= −0.14. . −0.83 %



Outlook
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▪ Reference concentration influence can be mitigated

▪ Cooling Applications (-5..30°C) with limited dynamic range

(1:30) and limited glycol concentrations (< 35% Vol) can reach

1..2% additional error on energy measurement (compared to

water applications)

→ Class III seems technically feasible

sos

T
𝜌 sos

T
𝑐𝑝 sos

T
𝜈
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