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Property Model Reference 

Heat capacity 
𝐶𝑝 = ∑𝐶𝑝𝑖 × 𝑋𝑖  

With temperature-dependant correlations 

for fat, protein, carbohydrates and minerals. 

Choi and Okos, 1986 

Boiling Point 

Elevation 
Δ𝑇𝐵𝑃𝐸 =  

1

1
𝑇𝑆𝐴𝑇

+
𝑅 × ln(1− 𝑥𝑆𝑂𝐿)

𝐻𝑉𝐴𝑃

 − 𝑇𝑆𝐴𝑇  Winchester, 2000 

Density 

ρ =
1

∑𝑋𝑊,𝑖 ρ𝑖 
 

With temperature-dependant correlations 

for fat, protein, carbohydrates and minerals. 

Choi and Okos, 1986 

Thermal 

conductivity 

λ =  326.58 + 1.0412 × 𝑇 − 3.37 × 10−3 × 𝑇2  
× (0.46 + 0.54 × 𝑋𝑊𝑎𝑡𝑒𝑟 ) × 1.73 × 10

−3 
Riedel, 1949 

Viscosity 

μ = 1000 × μ𝑊𝑎𝑡𝑒𝑟 × exp 
∑𝐴𝑖 × 𝑋𝑊,𝑖

𝑋𝑊,𝑊𝑎𝑡𝑒𝑟
  

With temperature-dependant coefficients Ai 

for fat, proteins and carbohydrates. 

Morison et al., 2013 

Surface tension 
General model (whole milk & skim milk): 

σ = 55.6− 0.163 × 𝑇 + 1.8 × 10−4 × 𝑇2 
Bertsch, 1983 

 

° ° ° °

° ° ° °

→ 24% → 52%

° °

° °

854 kg/h
(reference)

1014 kg/h (↗)

773 kg/h (↘)

3

Milk
Thermal 

treatment Drying

Powder 
milk

Vacuum 
evaporation

Fat

Water

Proteins

Lactose

Minerals

1 2

3

  
(a) 16.7% dry matter (b) 25.0% dry matter 

  

(c) 28.0% dry matter (d) 50.0% dry matter 

 

Whole milk concentrate
at 28% dry matter

Xi Component mass 
fraction

xSOL Component molar
fraction

T Temperature (°C)

TSAT Saturation 
temperature (°C)

HVAP Water 
vaporization
enthalpy (J.kg-1)


