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Outline of NEDO Project from 2018 to 2022

Development of Technology and Assessment Techniques for Next-Generation

Refrigerants with a Low GWP Value
https:/lwww.nedo.go.jp/english/activities/activities_ZZJP_100140.html
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Outline of NEDO Project from 2023 to 2027

Development of Refrigeration and Air-Conditioning Technologies

for Practical Use of Next-Generation Low-GWP Refrigerants
https://www.nedo.go.jp/english/activities/activities ZZJP 100244 .html
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Refrigerants to Total Design/Manufacturing - Role of transport properties -

Cycle analysis
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Pressure, Temperature, Density,
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Target Refrigerants - Needs for HFO-based low-GWP refrigerants -

Natural refrigerants HFO-based low-GWP refrigerants

CO2, HCs, NH3, ()  (pure. mixture)
Room air conditioners \

(household A/C units)

Household refrigerators and freezers

Cold storage warehouses - Heat pumps for swimming pool heating _ 3
(refrigerated and frozen storage facilities) Packaged air conditioners

(for shops, offices)
Food processing refrigeration equipment

(ice cream machines, blast freezers) Heat pump food dryers

(for agricultural and marine products)
Ground-source heat pumps
Commercial refrigerators and freezers

(showcases, chest freezers, etc.) Central air-conditioning systems Variable refrigerant flow systems

(chillers + air handling units) (VRF, multi-split for buildings)
lce makers
Automotive air conditioners

Industrial refrigeration systems : : -
Heat pump water heater (chemical plants, low-temperature laboratories) S[I)emal purposhe alr.tcclmdltloners
(Air-to-water, Water-to-water, etc.) (clean rooms, hospitals, server rooms)

Industrial process heat pumps

k (waste heat recovery, process heating in factories) j




Measurement of Transport Properties

Viscosity Measurement - Tandem capillary tube method -
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Thermal Conductivity Measurement - Transient hot wire -
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Measured Refrigerants

“ Property Validation Published High temp. side | Low temp. side

R134a; R32 Viscosity and Thermal C.
R1336mzz(E); R1233zd(E); Viscosity and Thermal C. v [1, 2, 3, 4] v
R356mmz; R1224yd(Z); R1336mzz(Z) Viscosity and Thermal C. v [5, 6, 7, 8] v
R1234ze(2); 3,3,4,4,5,5-HFCPE; CF;l Viscosity and Thermal C. v [9, 10, 11,12, 13] v
R1123+R32 Viscosity \ [14] v v
R1132(E) Viscosity V[15] v |
R1132(E) Thermal C. v
R474A (R1132(E)+R1234yf) Viscosity | |
R474A (R1132(E)+R1234yf) Thermal C. \
R454A Viscosity and Thermal C. |
R454B Viscosity V[16]
R454B Thermal C. v
R454C Viscosity V[16]
R454C Thermal C. v
R1123 Viscosity v

R1123 Thermal C. N [17] v



Calculation of Transport Properties - ECS model for viscosity -

Viscosity Calculation Model 70
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Viscosity Values Before and After Fitting
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Viscosity Modeling of Mixture Refrigerants

o Viscosity model of a general mixture using ECS is complex compared to
pure fluids
* |t 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 ftwo for residual contribution

* These parameters are found by fitting appropriate experimental data



Viscosity Modeling of Mixture Refrigerants

o Viscosity of a binary mixture is given by

o\ _ (2f Hap+2z5H11—2212;Hy5)
77( T' p)Z) - 2
Hy1Hy12,—H{,

+ é’?o(To»Po) B, (T, p, E)J

Dilute—gas
contribution

Residual
contribution

o There are four adjustable parameters in the model
* k, and k_.: belongs to dilute-gas part
* ks and ky: 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

R-454B (R-32/R1234yf : 68.90% / 31.10%)

Pressure, P (MPa)
w TN W

.
1

[e—
1

—— Bubble point curve
—— Dew point curve

Viscosity measurent
states
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Viscosity Modeling of Mixture Refrigerants

o Let us take the example for R32 & R1234yf mixture

R [ o The fitting parameters were
o] s g found to be
A T é ------ : T ke  |0.085644
4 o 4%-5- S e k. -0.589745
PRI S k 0.241787
o e kn  |-0.030763

5 T T T T T T
250 270 290 310 330 350 370 390
Temperature, T(K)

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

Fig. 2 Deviation plot before and after
fitting



Thermal Conductivity 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

Dilute—gas critical
contribution enhancement

Residual
contrlbutlon @
Am(T,p,2) = Ap(T,2) + Anter Z) + AXE (T, p,Z) + A/lmt(T p,7) \

Average of

Olchowy-Sengers model

masy m At n 1ZL¢U m\4, P, — ref ref'pref' AL, P,

j=1




Summary

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

v" Measured refrigerants: R1234ze(Z), R1336mzz(Z), R1233zd(E), HFE-356mmz, R1224yd(Z),
R1123+R32, R1336mzz(E), “3,3,4,4,5,5-HFCPE”, CF;l, R1132(E), R454B, R474A,

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

v" Measured refrigerants: R1234ze(Z), R1336mzz(Z), R1233zd(E), HFE-356mmz, R1224yd(Z2),
R1336mzz(E), “3,3,4,4,5,5-HFCPE", R32+R1234ze(E), CF;l, R1132(E), R454B, R454C, R474A,

1 Calculation models were developed for pure and blended refrigerants
v" ECS models of viscosity and thermal conductivity for pure refrigerants has been developed.

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

Acknowledgments:
This study was based on results obtained from projects, P18005 and P23001, subsidized by
the New Energy and Industrial Technology Development Organization (NEDO), Japan.



References

[1] D. Mondal, K. Kariya, A.R.Tuhin, K. Miyoshi, A. Miyara, Thermal conductivity measurement and correlation at saturation condition of HFO refrigerant trans-1,1,1,4,4,4-hexafluoro-2-butene
(R1336mzz(E)), International Journal of Refrigeration, 129, 109-117 (2021).

[2] D. Mondal, K. Kariya, A.R. Tuhin, N. Amakusa, A. Miyara, Viscosity measurement for trans-1,1,1,4,4,4-hexafluoro-2-butene (R1336mzz(E)) in liquid and vapor phases, International Journal of
Refrigeration, 133, 267-275 (2022)

[3] Md.J. Alam, M.A. Islam, K. Kariya, A. Miyara, Measurement of thermal conductivity and correlations at saturated state of refrigerant trans-1-chloro-3,3,3-trifluoropropene (R-1233zd(E)), International
Journal of Refrigeration, 90, 174-180 (2018).

[4] A. Miyara, Md.J. Alam, K.eishi Kariya, Measurement of viscosity of trans-1-chloro-3,3,3-trifluoropropene (R-1233zd(E)) by tandem capillary tubes method, International Journal of Refrigeration, 92,
86-93 (2018).

[5] Md.J. Alam, K. Kariya, K. Yamaguchi, Y. Hori, A. Miyara, Measurement of thermal conductivity and kinematic viscosity of 1,1,1,3,3,3-hexafluoro-2-methoxypropane(HFE-356mmz), International
Journal of Refrigeration, 103, 1-8 (2019).

[6] Md.J. Alam, K. Yamaguchi, Y. Hori, K. Kariya, A. Miyara, Measurement of thermal conductivity and viscosity of cis-1-chloro-2,3,3,3-tetrafluoropropene (R-1224yd(Z)), International Journal of
Refrigeration, 104, 221-228 (2019).

[71 Md.J. Alam , M.A. Islam , K. Kariya , A. Miyara, Measurement of thermal conductivity of cis-1,1,1,4,4,4-hexafluoro-2-butene (R-1336mzz(Z))by the transient hot-wire method, International Journal of
Refrigeration, 84, 220-227 (2017).

[8] Md.J. Alam, A. Miyara, K. Kariya, K.K. Kontomaris, Measurement of Viscosity of cis-1,1,1,4,4,4-Hexafluoro-2-butene(R-1336mzz(Z)) by Tandem Capillary Tubes Method, Journal of Chemical &
Engineering Data, 63(5), 1706-1712 (2018).

[9]1 Md.J. Alam, M.A. Islam, K. Kariya, A. Miyara, Viscosity Measurement of cis-1,3,3,3-tetrafluoropropene (R1234ze(Z)) by Tandem Capillary Tubes Method, International Journal of Refrigeration, 131,
341-347 (2021).

[10] M.A. Islam, K. Kariya, H. Ishida, R. Akasaka, A. Miyara, Application of the extended corresponding states model for prediction of the viscosity and thermal conductivity of cis-1,3,3,3-
tetrafluoropropene(R1234ze(Z)), Science and Technology for the Built Environment, 22(8), 1167-1174

[11] D. Mondal, A.R. Tuhin, K. Kariya, A. Miyara, Measurement of kinematic viscosity and thermal conductivity of 3,3,4,4,5,5-HFCPE in liquid and vapor phases, International Journal of Refrigeration,
140, 150-165 (2022).

[12] A.R. Tuhin, M. Morshed, K. Kariya, A. Miyara, Experimental Investigation and Empirical Models of Viscosity of Trifluoroidomethane (CF3l), International Journal of Thermophysics, 45(41) (2024).
[13] A.R. Tuhin, M. Morshed, K. Kariya, A. Miyara, Measurement and Empirical Models of Thermal Conductivity of Trifluoroiodomethane (CF3l), International Journal of Thermophysics, 45(63) (2024).

[14]1 D. Mondal, Y. Hori, K. Kariya, A. Miyara, Md.J. Alam, Measurement of Viscosity of a Binary Mixture of R1123 + R32 Refrigerant by Tandem Capillary Tube Method, International Journal of
Thermophysics, 41(6) (2020).

[15] D.X. Tran, A.R. Tuhin, M. Morshed, R. Hirata, A. Miyara, Measurement and Empirical Model of Viscosity of the Novel Refrigerant R-1132(E), International Journal of Thermophysics, 46(65) (2025).

[16] T.X. Duc, A.R. Tuhin, M. Morshed, R. Hirata, A. Miyara, Measurement and Prediction Evaluation of Viscosity of Low GWP Mixtures R454B and R454C, Transactions of the Japan Society of
Refrigerating and Air Conditioning Engineers, 42(1) (2025).

[17] Silvia, M. Morshed, R. Ogawa, T.l. Hoimontee, Md.J. Alam, A. Miyara, Thermal Conductivity Measurement and Empirical Model of Low-GWP Refrigerant HFO1123, Transactions of the Japan
Society of Refrigerating and Air Conditioning Engineers, 42(3) (2025).



	スライド 1
	スライド 2
	スライド 3
	スライド 4
	スライド 5
	スライド 6
	スライド 7
	スライド 8
	スライド 9
	スライド 10
	スライド 11
	スライド 12
	スライド 13
	スライド 14
	スライド 15
	スライド 16

