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Figure 1. The test section and measuring locations
2. Experimental Setup
Table 1. Range of the test conditions in the tube

The detailed description of the test facility can be found

in [1]. Fig. 1 is the dimensions of the test section and Condition Unit Value

the locations of the measuring points. The test section is Inlet pressure MPa 7.75,8.12, 8.85

a circular tube with an inside diameter of 4.4 mm. The (1.05. 1.1, 1.2 Pery respectively)

thickness of the tube wall is 0.89 mm. The tube is made Inle.t temperature OC 3~ 30 (T/Tery = 091 ~ 0.99)
. . Fluid temperature |°C 5~80 (T/Te;=0.91 ~ 1.15)
of Inconel 625. The tube is attached to the loop in a 3
cal di X di formlv h 4 by di Mass flux kg/m” s 400, 500, 750, 1000, 1200
vertical direction, and 1s uniformly heated by direct Heat flux KW/m2 Up to 150

current.

CO, flows upward in the tube at supercritical
pressures. Tests are conducted with varying mass fluxes,
heat fluxes, and inlet temperatures at different pressures. 70
The inlet temperature is changed to cover a sufficient
range below the pseudo-critical temperature in terms of
a reduced temperature. Table 1 shows the range of test
conditions.

Critical temperature and pressure of CO, = 30.98 °C, 7.38 MPa

80 . . , .
py, = 8.12 :MPa, G= foo keg/m’¥, 4" = 30 kW/m®

Wall Temperature [°C]

3. Results

Fig. 2 shows how closely the existing correlations
predict the experiment result for a normal heat transfer
case. The compared correlations are listed in Table 2.
The correlations are used in a comparison of test data
using R-22 [2]. The R-22 test is conducted in a test
section of the same geometry with our experiment. The
error between the correlation and the experiment is
calculated as Eq. (1) and (2).
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Table 2. Correlations compared with the measured heat transfer coefficient
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The calculated errors are summarized in Table 3. The
standard deviations are about 20 %. The modified
Krasnoshchekov and Protopopov correlation shows the
least mean error among the correlations in Table 2,
while the Watts and Chou correlation was the best one
in the test using R-22 [2]. The Jackson and Fewster
correlation shows the second least error with its much
simpler form. Thus, the Jackson and Fewster correlation
is fine-tuned to minimize the mean error. The new
correlation is:
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The proposed correlation shows a reduced mean error
and standard deviation (the last row in Table 3). Fig. 3
illustrates the prediction performance of the existing
correlations and the proposed correlation. The
suggested correlation predicts about 95 % of data points
within a £30 % error.

4. Conclusion

The heat transfer data were produced for the tube of
4.4 mm ID. The data were compared with the existing
correlations on a normal heat transfer in supercritical
pressure flows. A new correlation is proposed by fine-
tuning the Jackson and Fewster correlation to the
experiment results. The suggested correlation shows an
improved prediction over the existing correlations and
predicts 95 % of the data points within a +30 % error.
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