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Evaporation Pressure Drop of Carbon Dioxide in a Horizontal
Tube
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Abstract © The evaporation mressure drop of CO: (R 744} in a horizontal tube was investigated experimentally.
The man components of the refrigerant loop are a receiver, a varigble speed pump, a mass flow meter, a
pre heater and an evaporator (test section). The test section consists of a smooth, horizontal stainless steel
tube of 457 mm imer diameter. The experiments were conducted at saturation temperature of 5T to 5T,
and heat flux of 10 to 40 kW/m” The test results showed that the evaporation pressure drop of COp are
highly dependent on the vapor quality, heat flux and saturation temperatiure The measured pressure drop
during the evaporation process of CO: increases with increased mass flux, and decreased saturation
temperatire. The evaporation pressure drop of COg 18 much lower than that of R 22, In comparison with test
results and existing correlations, the best fit of the present experimental data iz obtained with the previous
correlation. But existing correlations failed to predict the evaporation pressure drop of COp Therefore, it is
necessary to develop reliable and accurate predictions determining the evaporation pressure drop of COz In a
hotizontal tube.
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Fig. 1 Schematic diagram of experimental apparatus
Table 1 Experimental conditions
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Fig. 2 Schematic diagram of test section for
evaporation heat transfer test
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Table 2 Parameters and estimated uncertainties of
CO; evaporation heat transfer test

Parameters Uncertainty
Length, width and thickness, [m] +0.5%
Area, [mz] +0.7%
Temperature, [ C] £0.17C
AT, [C] £0.15C
Pressure, [MPa] +0.0015MPa
AP, [Pa] £180Pa
Water flowrate, [kg/s] £1%
Mass flux of refrigerant, [kg/mzs] £1%
Heat transfer rate, [kW] +1.5%
Vapor quality, [/] =0.025%
Heat transfer coefficient, [kW/mzK] £18%
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Fig. 3 Variation of the measured pressure drop with

respect to mass flux at different heat flux
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Table 3 Thermophysical properties of refrigerants

investigated
Refrigerant R-744 | R-22
5T 956.7 1298
Liqud 0T 9281 1282
Saturation ! 5T 896.7 1264
density, [kg/m’] 5C | 8314 | 1809
Vapor | 0T | 9732 | 2123
5T 114.1 2479
5T 1152 2304
) Liquid 0T 105 4 2182
Saturation .
viscosity, 5T 9584 206.7
[ 1 Pas] 5T 13.85 11.28
Vapor | 0T 1431 | 115
5T 14.83 11.73
5
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Fig. 4 Varation of the experimental pressure drop

with respect to mass flux at different

saturation temperature
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Table 4 The errors

B 4Bag Wag 29 Ygd el

between the calculated and

experimental pressure drop

Author Averaged Mean

Deviation deviation(%) | deviation(%)
Chishlom (1968) -41.19 41.19
Friedel (1979) -28.69 28.69
Chishlom (1983) -30.38 30.38
Tung et al. (1989) 2526 26.25
Choi et al. (1999) -2.06 34.4
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