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Abstract

To address the complexity of flow and heat transfer characteristics and the insufficient prediction
accuracy of coolers operating under pseudo-critical conditions in supercritical COz Brayton cycles,
a systematic experimental investigation was conducted on a scaled-down straight-channel printed
circuit heat exchanger (PCHE). Experiments were performed over a wide range of operating condi-
tions, including different inlet temperatures and mass flow rates. The thermal-hydraulic perfor-
mance, including heat transfer capacity and pressure drop, was obtained and analyzed. Particular
attention was given to the coupled effects of inlet temperature and mass flow rate on heat transfer
performance and flow resistance. Based on the experimental data, empirical correlations applica-
ble to straight-channel configurations were developed. The results indicate that increasing the inlet
temperature of the hot-side CO: significantly enhances heat transfer performance by enlarging the
temperature difference and intensifying thermophysical property variations near the pseudo-crit-
ical region. In contrast, an increase in the cold-side inlet temperature weakens the driving temper-
ature difference, thereby suppressing heat transfer. Compared with these effects, the influence of
inlet temperature on pressure drop is relatively limited. The mass flow rate is identified as the dom-
inant parameter governing the overall performance of the heat exchanger. Increasing the mass flow
rate markedly enhances convective heat transfer by elevating the Reynolds number and strength-
ening turbulence, while simultaneously leading to a rapid increase in pressure drop, reflecting a
pronounced thermo-hydraulic trade-off. Furthermore, empirical correlations for the Nusselt num-
ber and friction factor on both the COz and water sides were developed using nonlinear regression.
The correlations show good agreement with experimental data, with maximum deviations within
+20% and +10% for COz, and +10% and +5% for water, respectively, demonstrating good engineer-
ing applicability. This study experimentally elucidates the coupled flow and heat transfer mecha-
nisms of straight-channel PCHE coolers in the pseudo-critical region. The proposed correlations
provide reliable guidance for the design optimization and performance prediction of coolers in su-
percritical CO: Brayton cycle systems.
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Figure 1. Experimental test flow chart
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Figure 2. Heat exchanger physical diagram
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Table 1. Test conditions of the scaled-down cooler prototype

1L ORANBRGEELAAUNK TR

TR FA(CO2) AMI(H20)
A H i & (kg/s) 0.15~0.24 0.1~0.5
ANIHREECC) 34.5~92.7 15~35
A HJE J3(MPa) 6.9~8.2 0.19~0.22
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Figure 3. Verification of thermal balance between the cold and hot sides

3. PR PR30 E

3.2. NOIREXHRHARERERR I

N30 3 A EAN N 1 IR SE XS T 2R S E il e i AR A 2 S PR RE RS2, AERFF COo NI i
PR BRI AT E I AE T, RANE COy N IR THLsET T SEgemi g, 4538 n/&l 4 M 5 fis.

451 .
40 . " i
35} " ]
30+ " .
%25- L i
Sl " .

15+ :

10 b

~

S5t i

1 1 1 1 1 1 1

20 30 40 50 60 70 80 90 100
CO, AR EECC)

Figure 4. The change of heat transfer rate with the inlet temperature of COz side
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Figure 5. The change of pressure drop with the inlet temperature of CO: side
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Figure 6. The change of heat transfer rate with the inlet temperature of water side
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Figure 7. The change of pressure drop with the inlet temperature of water side
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Figure 8. The change of heat transfer rate with the inlet flow rate of CO2
8. MMEM CO. NOREMTIL

50 T T T T T
45t lCOZﬁ'U " 62
7K .
40+ 160 _
= . &
% 35} . 158 ‘iftﬂf
> e oo o o o & : L] e o ]ﬁ
3o . 1568
S ost . " h
© - 154
20F
" 452
15 = "
0.14 0.16 0.18 0.20 0.22 0.24

CO, A\ Hii & (kg/s)

Figure 9. The change of pressure drop with the inlet flow rate of COz side
9. [EFERE Co: NORERTI

90 T T T T T

10 0.5

01 02 03 04
H,ON i & (kg/s)

Figure 10. The change of heat transfer rate with the inlet flow rate of water side
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Figure 11. The change of pressure drop with the inlet flow rate of water side
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Figure 14. Heat transfer correlation on water side
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