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Abstract Supercritical carbon dioxide (sCO2) power system is emerging technology because of its high cycle efficiency

and compactness. Meanwhile, PCHE (Printed Circuit Heat Exchanger) is gaining attention in sCO2 power system

technology because PCHE with high pressure-resistance and larger heat transfer surface per unit volume is fundamentally

needed. Thermo-fluidic characteristics of sCO:2 in the micro channel of PCHE should be investigated. In this study,

heat transfer characteristics of sCO2 of various inlet conditions and cross-sectional shapes of single micro channel

were investigated experimentally. Experiment was conducted at supercritical state of higher than critical temperature

and pressure. Test sections were made of copper and hydraulic diameter was 1 mm. Convective heat transfer coefficients

were measured according to each interval of the channel and pressure drop was also measured. Convective heat transfer

coefficients from experimental data were compared with existing correlation. In this study, using measured data, a

new empirical correlation to predict near critical region heat transfer coefficient is developed and suggested. Test results

of single channel will be used for design of PCHE.

Key words Printed circuit heat exchanger(%] 4} 7] 23] <& 1.3}7]), Microchannel(W}o] =24 d), Heat transfer
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T: T-type thermocouple Valve
P : Pressure transmitter

Mass Flow Meter

Heat exchanger

e
Chiller Data acquisition
apparatus
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Fig. 1 Schematic of the experimental apparatus.
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TC holesz Copper block

Fig. 2 Structure of test-section.
Plate heater

1mm 1mm Fig. 4 Cross-section view of test-section.

0.5mm

Table 1 Channel Conditions

Shape#1 Shape#2
R 0.5mm . .
(a) Square(Shapet#1) (b) Horseshoe(Shape#2) Hydrauhc. Dlameter(mmz ! !
Fig. 3 Cross-section view of microchannel. Cross-sectional Area(mm ) 1 0.9
Table 2 Experiment case
Experiment case case 1 case 2 case 3
Inlet Pressure(bar) 70 69, 70, 74 79
Inlet Temperature(C) 29~30 29~30 34~35
Mass ﬂux(kg/m2 - s) 5,500, 7,167, 8,833 5,500 5,500, 5,833

Heat Power(W) 260
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Fig. 5 Cross-section view for wall temperature calculation. Fig. 6 Each interval to calculate the specific heat.
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Fig. 7 Variation of specific heat according to fluid Fig. 8 Heat transfer coefficient according to measurement
3 . .
temperature.( )(P = 70 bar). location for different mass fluxes(P = 70 bar).
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Fig. 9 Pressure drop according to different mass fluxes Fig. 10 Comparison of the experimental pressure drop
(P = 70 bar). with those predicted by Petukhov’s correlation.
(P = 70 bar).
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Fig. 11 Variation of specific heat according to fluid Fig. 12 Heat transfer coefficient according to measure-
3 . . . .
temperature at each pressure.() ment location for different inlet pressure(j =
2
5,500 kg/m™ - s).
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Fig. 13 Variation of density according to fluid temperature Fig. 14 Comparison of the experimental pressure drop
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Fig. 15 Variation of specific heat according to fluid Fig. 16 Heat transfer coefficient according to measurement
3 L . .
temperature( )(P =79 bar). location in different cross-sectional shapes(j = 5,500
2
kg/m™ - s).
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Fig. 17 Heat transfer coefficient according to measurement Fig. 18 Heat transfer coefficient according to measurement
location for different mass fluxes in shape#l. location for different mass fluxes in shape#2.
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Fig. 19 Comparison of the experimental pressure drop with those predicted by Petukhov’s correlation.
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Fig. 20 Comparison of the experimental data with the Fig. 21 Comparison of the experimental data with the

calculated heat transfer coefficients using the calculated heat transfer coefficients using the

existing correlations(case 1). existing correlations(case 2, P = 74 bar).
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Fig. 22 Comparison of the experimental data with the calculated heat transfer coefficients using the existing correlations(case 3).
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Table 3 Absolute average error comparison with experimental data and correlations

Absolute average Error with experimental data (%)
Experiment case

Yoon et al.”’ Gnielinski’
case 1 31 59
case 2 28 27
case 3 25 39
Aoz & dZ=390) Gnielinski”] A2H21o] B8l Yoon et al ()4 Aralo] At o2 2 oS5 =T
L ST st Dol AR AT fA) olaiiaols] ol 25, A2tel 47 el
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Fig. 23 Comparison of the experimental data with the Fig. 24 Comparison of the experimental data with the
calculated heat transfer coefficients using the calculated heat transfer coefficients using the
modified Yoon et al.’s correlation(case 1). modified Yoon et al.’s correlation(case 2, P = 74).
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Fig. 25 Comparison of the experimental data with the calculated heat transfer coefficients using the modified Yoon
et al.’s correlation(case 3).
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