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Online Measurement Method for Components of

Auto-Cascade Refrigeration System

LI Yinlong, JING Dongliang, LIU Guogiang, YAN Gang
(School of Energy and Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: In response to the challenge of real-time continuous measurement of component
concentrations during the operation of auto-cascade refrigeration systems, an online measurement
method for the circulating concentration of mixed refrigerant is proposed to accurately measure
the circulating component concentrations, thermodynamic parameters, and system efficiency.
The online measurement method is based on the composition, mass and energy conservation of
components within the system. The circulating concentration of compositions is measured based
on temperature, pressure and mass flow rate. An experimental platform for the auto-cascade
refrigeration system is established to validate the feasibility of the online measurement method
under experimental conditions with cabinet temperatures ranging from —58. 6 C to —40. 4 °C.
The accuracy of the online measurement of the composition is further verified using gas chromatography
single-time static sampling methods. The research findings indicate that temperature, a crucial

parameter affecting the composition, shows a deviation of less than 3 K between the experimental
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and online measurement values. The maximum deviation between the online measurement values

of the composition concentration and the sampling measurement values is 4. 45%. The uncertainty

calculations show that the online measurement uncertainty of composition circulating concentration is

below 2. 0%, while the online measurement uncertainty of energy efficiency ratio and refrigeration

capacity is below 7.5%. The proposed online measurement method can accurately predict the circulating

concentration of the mixed refrigerant in auto-cascade refrigeration systems. In comparison with gas

chromatography single-time static sampling, it allows for dynamic continuous trends in component

concentrations, providing a basis for in-depth analysis of performance changes in mixed refrigerant

thermodynamic systems at the component level.

Keywords: auto-cascade refrigeration system; online measurement method; mixed refrigerant;
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Fig. 1 Auto-cascade refrigeration system experimental

platform
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Table 1 Thermal properties of refrigerants

Re  BERER/ R Il 5+ Il 5
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R600a 58.122 —11.75 134. 66 3.629

R170 30. 069 —88.58 32.17 4.872
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Table 2 Measurement range and accuracy of experimental

equipment
I 28 ) 550 ] DN 4 2
P, .P;.P, 0~4 MPa +0.1%
P, .P;.Ps 0~1 MPa +0.1%
L~ —200~350C +0.5C
m, 0~30 kg/h +0.5%
m, 0~15kg/h +0.5%
w 0~4 kW +0.25%
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