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Refrigerants

Total design /

Manufacturing
✓ Air Conditioners

✓ Refrigerators

✓ Heat Pumps

✓ Chillers

✓ … 

Thermodynamic properties
Pressure, Temperature, Density, 

Enthalpy, Entropy

Transport properties
Viscosity, 

Thermal conductivity

Cycle analysis 

Heat exchanger design

System simulation

Compressor design

Expansion valve / 

Capillary tube design

Safety / environmental issues

Refrigeration oil

Refrigerants to Total Design/Manufacturing  - Role of transport properties -



Household refrigerators and freezers

Natural refrigerants 

CO2, HCs, NH3, 
HFO-based low-GWP refrigerants

(pure, mixture)

Commercial refrigerators and freezers 

(showcases, chest freezers, etc.)

Ice makers

Cold storage warehouses 

(refrigerated and frozen storage facilities)

Food processing refrigeration equipment 

(ice cream machines, blast freezers)

Industrial refrigeration systems 

(chemical plants, low-temperature laboratories)

Room air conditioners 

(household A/C units)

Packaged air conditioners 

(for shops, offices)

Variable refrigerant flow systems 

(VRF, multi-split for buildings)
Central air-conditioning systems 

(chillers + air handling units)

Automotive air conditioners

Special-purpose air conditioners 

(clean rooms, hospitals, server rooms)
Heat pump water heater

(Air-to-water, Water-to-water, etc.)

Ground-source heat pumps

Industrial process heat pumps 

(waste heat recovery, process heating in factories)

Heat pump food dryers 

(for agricultural and marine products)

Heat pumps for swimming pool heating

Sewage / waste heat recovery heat pumps

Target Refrigerants  - Needs for HFO-based low-GWP refrigerants -



Measurement of Transport Properties 



Name Property Validation On going Published High temp. side Low temp. side

R134a; R32 Viscosity and Thermal C. √

R1336mzz(E); R1233zd(E); Viscosity and Thermal C. √ [1, 2, 3, 4] √

R356mmz; R1224yd(Z); R1336mzz(Z) Viscosity and Thermal C. √ [5, 6, 7, 8] √

R1234ze(Z); 3,3,4,4,5,5-HFCPE; CF3I Viscosity and Thermal C. √ [9, 10, 11, 12, 13] √

R1123+R32 Viscosity √ [14] √ √

R1132(E) Viscosity √ [15] √ √

R1132(E) Thermal C. √

R474A (R1132(E)+R1234yf) Viscosity √ √

R474A (R1132(E)+R1234yf) Thermal C. √

R454A Viscosity and Thermal C. √

R454B Viscosity √ [16]

R454B Thermal C. √

R454C Viscosity √ [16]

R454C Thermal C. √

R1123 Viscosity √

R1123 Thermal C. √ [17] √

Measured Refrigerants
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Overview of measured and predicted viscosities 

after fully optimized fitting

Viscosity Values Before and After Fitting 



o Viscosity model of a general mixture using ECS is complex compared to 
pure fluids
• It requires viscosity binary interaction parameters among the constituent fluids

• For example, if a mixture consists of 3 components (say A, B, and C), ECS 
requires viscosity binary interaction parameters for each pair (A-B, A-C, and B-C)

• For each pair of fluids, there exists four binary interaction parameters
• Two for dilute-gas viscosity and two for residual contribution

• These parameters are found by fitting appropriate experimental data

A

CB

Viscosity Modeling of Mixture Refrigerants 



o Viscosity of a binary mixture is given by 

𝜂 𝑇, 𝜌, Ԧ𝑧 =
𝑧1
2 𝐻22+𝑧2

2𝐻11−2𝑧1𝑧2𝐻12

𝐻11𝐻12−𝐻12
2

Dilute−gas
contribution

+ Δ𝜂0 𝑇0, 𝜌0 ⋅ 𝐹𝜂( 𝑇, 𝜌, Ԧ𝑧 )

Residual
contribution

o There are four adjustable parameters in the model
• 𝑘𝜎 and 𝑘𝜀: belongs to dilute-gas part

• 𝑘𝑓 and 𝑘ℎ: belongs to residual part

• These are found by fitting to experimental data
• They are set to zero if no experimental data is available

o Nitrogen is used as the reference fluid in the residual part

Viscosity Modeling of Mixture Refrigerants 



o Let us take the example for R32 & R1234yf mixture

State points where viscosity measurements have been carried out

R-454B (on the left) and R-454C (on the right)

Viscosity Modeling of Mixture Refrigerants 



o Let us take the example for R32 & R1234yf mixture

o The fitting parameters were 
found to be

o Before fitting AAD = 4.0% 
and after fitting AAD = 2.3%

𝑘𝜎 0.085644

𝑘𝜀 -0.589745

𝑘𝑓 0.241787

𝑘ℎ -0.030763

Fig. 2 Deviation plot before and after 

fitting

Viscosity Modeling of Mixture Refrigerants 



o Like viscosity, thermal conductivity modeling of a general mixture using 
ECS is complex compared to pure fluids
• For each pair of fluids in a mixture, there exists three binary interaction 

parameters
• One for dilute-gas thermal conductivity and two for residual contribution

o At present we are in the process of developing fitting code 
for thermal conductivity of mixtures

A

CB
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Thermal Conductivity Modeling of Mixture Refrigerants 



Summary

❑ Viscosity was measured by the tandem capillary tube method for pure and mixture

refrigerants

✓ Measured refrigerants: R1234ze(Z), R1336mzz(Z), R1233zd(E), HFE-356mmz, R1224yd(Z), 

R1123+R32, R1336mzz(E), “3,3,4,4,5,5-HFCPE”, CF3I, R1132(E), R454B, R474A,  

❑ Thermal conductivity was measured by the transient hot wire method for pure and

blended refrigerants

✓ Measured refrigerants: R1234ze(Z), R1336mzz(Z), R1233zd(E), HFE-356mmz, R1224yd(Z), 

R1336mzz(E),  “3,3,4,4,5,5-HFCPE”, R32+R1234ze(E), CF3I, R1132(E), R454B, R454C, R474A,   

❑ Calculation models were developed for pure and blended refrigerants

✓ ECS models of viscosity and thermal conductivity for pure refrigerants has been developed.

✓ ECS model of viscosity and thermal conductivity for mixture refrigerants has been developed.
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