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1. Introduction

Some research reactors such as Jordan Research &
Training Reactor (JRTR) are designed to operate under
the low pressure for downward flow. As the research
reactors operates with downward flow, they have some
advantages; downward flow can reduce the radioisotopes
in the upper part of research reactor and simplify the
locking mechanism as countervailing the buoyancy force
on the nuclear fuel.

However, as the research reactor operates under the
low pressure condition, the premature critical heat flux
(CHF) can occur during the onset of flow instability (OFI)
according to circumstances as the pressure fluctuates
significantly. For that reason, it is important to know and
set the margin for the onset of nucleate boiling (ONB)
which is the preceding phenomena of OFI and CHF to
predict and handle with OFI. In addition, research reactor
is the nuclear reactor serves neutron source for many
research fields such as neutron scattering, non-
destructive testing, radioisotope treatment and so on, it is
important to avoid ONB to get stable neutron source.
IAEA also recommends for research reactors to have
enough ONB margin to maintain the normal operation
state in ‘|AEA-TECDOC-233" (1980) [4].

Though the ONB in research reactor is emphasized for
these reasons, there isn’t sufficient ONB data under
downward flow condition and no ONB prediction
correlation for downward flow as well. In addition, in
many researches; Mosyak et al.[8], Hapke et al.[2], Wu
et al.[11] and Hong et al.[3], the existing ONB
correlations are not suitable for narrow rectangular
channel. In the present work, not only a new ONB
prediction correlation would be developed, but also
comparison between new correlation with several ONB
correlations would be shown.

In this paper, ONB data would be analyzed to develop
new ONB prediction correlation.

2. Experiment Set

The experimental loop in KAIST (Korea Advanced
Institute of Science and Technology) is installed as
shown in Fig.1. The experimental loop is composed of
the test section, an open pool, a heat exchanger, a
centrifugal pump, an electromagnetic flow meter, a surge
tank, a pre-heater and piping. The experiment was
performed under the atmospheric pressure as the outlet of
test section is connected to open pool.
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Figure 1. Schematic of experimental loop installed in KAIST
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The experiment was performed in a 350 mm length
narrow rectangular channel (entire section is heated). In
the test section, the channel width and gap are 40 mm and
2.35 mm, respectively, as shown in Fig.2. The heater
width is 30 mm. Six thermocouples are installed at the
back of the heaters along the axial direction. To handle
the effect of conduction of the heater itself, the measured
wall temperature was calibrated after the experiments.
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Figure 2. 3-D cut-view of test section [6]

In McAdams et al.[7], it is noted that not only the non-
condensable gas and the entrapped gas, but also the
dissolved gas affects the incipience of boiling
considerably. For that reason, the water is degassed by
pre-heated at 70°C for 2 hours before performing the
experiments.
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The test matrix is explained in Table 1.
Table 1. Test Matrix

Flow Mass flux Inlet
direction (kg/m?s) subcooling (°C) Pressure (bar)
Downward 300~1000 70 Atmospheric
3. Results

The model by Bowring (1962) [13] defines the
incipience boiling point as the single-phase heat transfer
and fully developed boiling heat transfer’s point of
intersection. In this experiment, same methodology is
used for defining ONB as in Fig.3. Fig.3 shows the
example of intersection point in boiling curve for the
experiment.
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Figure 3. Wall temperature vs. Heat flux [13]

To develop the ONB prediction correlation, it is
needed to compare the data with existing correlations.
After analyzing experimental data through comparing
with single-phase heat transfer correlations and two-
phase heat transfer correlations, ONB prediction
correlations could be developed.

To analyze the single-phase heat transfer data, Dittus-
Boelter, Omar S. and Sudo correlations will be used for
turbulent flow.

Dittus-Boelter correlation is

1
Nu = 0.023 xRe®®« Pr3 (1)
for upward and downward flow.

Omar S. correlation [1] is
Nu = 0.01715 * (Re®7%% x Pro22) « z*7020%7 4

((%)0.1757 . (%>—0.007> (2)

where z* = for upward and downward flow.

z
Dp*Re*Pr

Sudo correlation [10] is
Nu = 2.25 % Gz%%%8  (3)

Dp*Rex*P
where Gz = 22T for a downward flow.

To analyze the two-phase heat transfer data, Lazarek
& Black [5], Shah [9], and Yu [12] correlations are
considered to be used.

4. Conclusion

In this study, an experiment on the single-phase heat
transfer and two-phase heat transfer will be conducted.
Comparison between experimental data and existing
correlations will be used for developing ONB prediction
correlation.

REFERENCES

[1] 0.S. Al-yahia, D. Jo, J. Park, H. Chae,
Experimental Investigation of the Entrance
Effect on the Convective Heat Transfer in
Vertical Rectangular Channel for Upward and
Downward Flow, (2013) 30-31.

[2] I. Hapke, H. Boye, J. Schmidt, Onset of
nucleate boiling in minichannels, Int. J. Therm.
Sci. 39 (2000) 505-513.

[3] G. Hong, X. Yan, Y. Yang, S. Liu, Y. Huang,
Experimental study on onset of nucleate boiling
in narrow rectangular channel under static and
heaving conditions, Ann. Nucl. Energy. 39
(2012) 26-34.

[4] IAEA, Research Reactor Core Conversion from
the use of Highly Enriched Uranium to the use
of Low Enriched Uranium Fuels Guidebook,
(1980).

[5] G.M. Lazarek, S.H. Black, Evaporative heat
transfer, pressure drop and critical heat flux in a
small vertical tube with R-113, Int. J. Heat Mass
Transf. 25 (1982) 945-960.

[6] J. Lee, H. Chae, S.H. Chang, Flow instability
during subcooled boiling for a downward flow
at low pressure in a vertical narrow rectangular
channel, Int. J. Heat Mass Transf. 67 (2013)
1170-1180.

[7] W.H. McAdams, W.E. Kennel, C.S. Minden, R.
Carl, P.M. Picornell, J.E. Dew, Heat Transfer at
High Rates to Water with Surface Boiling, Ind.
Eng. Chem. 41 (1949) 1945-1953.

[8] A. Mosyak, L. Rodes, G. Hetsroni, Boiling
incipience in parallel micro-channels with low
mass flux subcooled water flow, Int. J. Multiph.
Flow. 47 (2012) 150-159.



(9]

[10]

[11]

[12]

[13]

Transactions of the Korean Nuclear Society Autumn Meeting
Pyeongchang, Korea, October 30-31, 2014

R.K. Shah, Laminar flow friction and forced
convection heat transfer in ducts of arbitrary
geometry, Int. J. Heat Mass Transf. 18 (1975)
849-862.

Y. Sudo, K. Miyata, H. Ikawa, M. Ohkawara,
M. Kaminaga, Experimental Study of
Differences in Single-Phase Forced-Convection
Heat Transfer Characteristics between Upflow
and Downflow for Narrow Rectangular
Channel, J. Nucl. Sci. Technol. 22 (1985) 202-
212.

Y.W. Wu, G.H. Su, B.X. Hu, S.Z. Qiu, Study
on onset of nucleate boiling in bilaterally heated
narrow annuli, Int. J. Therm. Sci. 49 (2010)
741-748.

W. Yu, D.M. France, M.W. Wambsganss, J.R.
Hull, Two-phase pressure drop, boiling heat
transfer, and critical heat flux to water in a
small-diameter horizontal tube, Int. J. Multiph.
Flow. 28 (2002) 927-941.

Bowring, W. R., Physical model of bubble
detachment and void volume in subcooled
boiling. OECD Halden Reactor Project Report
(1962) No. HPR-10.



