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Abstract

To investigate the effect of cooling-water flow adjustment on the transient performance of a super-
critical CO: printed circuit heat exchanger (PCHE) precooler, a three-dimensional conjugate heat
transfer model was developed for counterflowing COz and water. Twelve transient cases were con-
sidered at CO: outlet pressures of 8.0 and 9.5 MPa, combining 20% increases or decreases in water
flow with step changes and linear ramps lasting 2 or 10 s. The results show that the CO: outlet-tem-
perature rise caused by flow reduction was 28.2%~42.0% greater than the temperature drop caused
by the corresponding flow increase. Compared with step changes, 10 s ramps reduced the maximum
outlet-temperature change rate by 68.6%~79.7% but extended the temperature settling time by
6.51~6.68 s. After the flow reached its final value, a further 2.75~4.54 s was required for the outlet
temperature to settle. The 10 s ramps also reduced the peak absolute net heat-transfer rate to the
solid by 67.2%~75.6%, while the change in solid internal energy remained approximately unchanged
for a given pressure and flow-adjustment direction. A 20% increase in cooling-water flow raised the
heat-transfer rate by 5.07%~5.79% and the water-side pressure drop by 22.73%~23.22%. These re-
sults indicate that extending the flow-adjustment duration reduces the rate of temperature change
and the peak absolute net heat-transfer rate to the solid, but prolongs the outlet-temperature set-
tling time. The transient performance of the precooler should therefore be assessed by considering
fluid temperature, heat storage in the solid, heat-transfer rate, and flow resistance together.
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Figure 1. PCHE structure, periodic heat-transfer unit, and computational mesh
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Figure 2. Cooling-water inlet mass-flow-rate profiles
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Table 2. Heat-transfer and flow-resistance parameters at the baseline and final steady states
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Figure 3. CO2 outlet temperature responses at different pressures
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Table 3. COz outlet-temperature response metrics for different flow-adjustment cases
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Figure 7. Time histories of the net heat absorption rate of the solid at different pressures and flow-adjustment directions
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