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Analysis of Heat Transfer and Pressure Drop During Gas
Cooling Process of Carbon Dioxide in Transcritical Region

Hoo-Kyu Oht - Chang-Hyo Son#* - Dong-Gun Lee* - Si-Young Jeong#** - Young-Lyoul Kim*x*

Abstract : The heat transfer coefficient and pressure drop of CO2(R-744) during gas cooling
process of carbon dioxide in a horizontal tube were investigated experimentally and
theoretically. The experiments were conducted without oil in the refrigerant loop. The main
components of the refrigerant loop consist of a receiver, a variable-speed pump, a mass
flowmeter, an evaporator. and a gas cooler(test section). The main components of the water
loop consist of a variable-speed pump, an constant temperature bath, and a flowmeter. The
gas cooler is a counterflow heat exchanger with refrigerant flowing in the inner tube and
water flowing in the annulus. The test section consists of smooth, horizontal stainless steel
tube of 9.53 mm outer diameter and 7.75 mm inner diameter. The length of test section is 6
m. The refrigerant mass fluxes were 200 ~300 kg/(m?-s) and the inlet pressure of the gas
cooler varied from 7.5 MPa to 8.5 MPa.

The main results were summarized as follows : The predicted correlation can evaluated the
R-744 exit temperature from the gas cooler within £10% for most of the experimental data,
given only the inlet conditions. The predicted gas cooler capacity using log mean temperature
difference showed relatively good agreement with gas cooler capacity within £5%. The
pressure drop predicted by Blasius estimated the pressure drop on the CO:z side within =4.3
%. The predicted heat transfer coefficients using Gnielinski’s correlation evaluated the heat
transfer coefficients on the CO; side well within the range of experimental error. The
predicted heat transfer coefficients using Gao and Honda’s correlation estimated the heat
transfer coefficients on the coolant side well within £10 %. Therefore, The predicted
equation’s usefulness is demonstrated by analyzing data obtained in experiments.

Key words : Gas cooler(7}2 WZ}7]), Transcritical region(ZdA 99), Heat transfer
coefficient of COz (CO29l EHY AF)
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Fig. 1 Schematic diagram of experimental
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Fig. 3 Comparison of experimental Nusselt number
with  Nusselt number predicted by
Gnielinski along gas cooler refrigerant
temperature.
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Fig. 4 Comparison of experimental Nusselt
number with Nusselt number predicted by
Gao and Honda for cooling water along
gas cooler flow length.
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