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A Study on the Additives of mixed Gas charged
Thermostatic Bulb for Expansion Valve
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Abstract: The P-T characteristics of mixed refrigerant in thermostatic expansion valve sensing bulb were
studied using R-134a and R-410A refrigerant. The characteristics of mixed refrigerant were investigated
according to pressure variation and the variation of composition ratio of R-134A and R-410A in the
temperature range of -15C ~15C. The Thermodynamic characteristic values of the mixed refrigerants
were identified using the characteristic value analysis program of mixed refrigerant(Refrop v9.0, NIST).
The P-T characteristics in the case of the mixing ratio of 90:10 for R-410A and R-134A were the same
result as R-22. And the physical properties showed similar results with R-22. The Maximum operating
pressure(MOP) of mixed refrigerant showed a tendency to decrease with decreasing the mixing ratio of
additive gases(N, or He) gases. The characteristics in the case of the mixing ratio of 80:1 for mixed
refrigerant and additive gases were the similar result as Reference refrigerant.(R-22 MOP, Sporlan
company) In addition N, and He, both showed the same results. It was able to confirm that a MOP on
the thermostatic expansion valve sensing bulb can be maintained by adjusting the mixing ratio of mixed

refrigerant gases and additive gases.

Key Words : P-T diagram, Mixed Gas, R-134a, R-410A, R-22, Maximum operating pressure(MOP)
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Table 1 Physical properties of the R-134a/R-410A

used in the experiment

Division Refrigerants

item unit R-134a R-410A
Chemical Formula CF;CHyF | CFH,-CF;CHEF,
Classification - HFC HFC
Molecular Weight kg/kmol |  102.03 72.58
Boiling point(latm) T -26.5 -40.8
Critical density kg/em’ 511 488.90
Critical temperature C 101.03 72.13
Critical pressure bar 4135 49.02
Latent heat of vaporization kl/kg 216.5 273
Specific heat(Vapor, 25C) kikg - k| 0851 0.832
Thermal Conductivity(Vapor,25C) | W/ -k 0.0138 0.01339
COP/COP(R-11) - 0 0

Table 2 Physical properties of the N,/He gases

used in the experiment

Division 84 7t~
item unit N He
Molecular Weight 28.013 4.003
Color

Spec. Gravity 0.967 0.138
Density g/L 1.251 0.178
Boillig Point C -195.64 -268.78
Melting Point C -209.85 -272.05
Critical Pressure psi 429.9 322
Heat of fusion kJ/mol 0.720 0.0138
Heat of vaporization kJ/mol 5.57 0.0829
Heat capacity J/mol-K 29.124 20.786
Charging Pressure psig 1984.5 1984.5
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Fig. 1 Schematic diagram of experimental apparatus;
1) Electronic balance 2) High-pressure reactor
3) R-134a Refrigerant 4) R-410A Refrigerant
5) Chiller 6) Thermometer 7) Ny(He) gas

Table 3 Composition ratio and Mixing ratio R-134a/

R-410A
Refrigerant No.l | No.2 | No.3 | No4 | No.5
Mixing R-134a 10 30 50 70 90
Ratio(wt%) R-410A 9 | 70 [ 50 | 30 | 10
R-134a 10 30 50 70 90
Composition
Ratio(wt%) R-32 45 35 25 15 5
R-125 45 35 25 15 5
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Table 4 Mixing ratio of mixed refrigerant gases vs.

additive gases (wt.%)

Type Refrigerant | No.l | No.2 | No.3 | No4 | No.5 | No.6

mixed gases 70 | 80 | 90 | 70 | 80 | 90

Mixing

Ratio(weoe) | 2 €35 L I L R I

He gas - - - 1 1 1
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Fig. 2 P-T diagram of the Reference Refrigerant
(R-22) and Mixed Refrigerant(R-134a:R-410A)
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Fig. 3 Relative deviation of the Thermodynamic characteristics of Mixed refrigerant with R-22 refrigerant.
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Fig. 4 P-T diagram of the Reference Refrigerant(R22 MOP) vs. Mixed refrigerant plus Ny(He) gas at -15C~15T
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