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1. Introduction

To observe and evaluate the two-phase natural
circulation phenomena through the gap between the
reactor vessel and the insulation in the APR1400 under an
external vessel cooling, the T-HERMES (Thermo-
Hydraulic Evaluations of Reactor vessel cooling
Mechanisms by External Self-induced flow) program has
been performed at KAERI [1].

The HERMES-HALF study [1], which is one of the T-
HERMES programs, has been performed to observe and
evaluate the two-phase natural circulation phenomena
through the gap between the reactor vessel and the
insulation in the APR1400. The HERMES-HALF is a
non-heating and a half-scaled three-dimensional experi-
mental study on the two-phase natural circulation through
the annular gap between the reactor vessel and the
insulation. The behaviors of the two-phase natural
circulation flow in the insulation gap are observed, and the
liquid mass flow rates driven by the natural circulation
loop are measured.

From the HERMES-HALF experimental results, the
natural circulation flow rate can be generated up to
200kg/s by adjusting the inlet and outlet area of the
insulation. This flow rate value is the same as the
323kg/m’s mass flux value normalized with the annular
section area. Compared to the KAIST and SULTAN
experimental results, the CHF values reach about 1.3 —
1.SMW/m’® at the top of the lower head vessel (90
degrees) based on the 323kg/m’s mass flux which is
measured from the HERMES-HALF experiments. Though
the scaling law is adapted to the HERMES-HALF
experimental facility, the similarity of the non-heating
experiment to the heating experiment should be certified.
This property scaling and geometry scaling should be
studied to apply the experimental data to a real APR1400.

A T-HERMES-1D study has been launched to evaluate
the property and geometry scaling of the HERMES-HALF
experimental results. The T-HERMES-1D is a one-
dimensional non-heating / heating experimental study on a
two-phase natural circulation through the annular gap
between the reactor vessel and the insulation. For the
property scaling, the non-heating results should be
compared with the heating experimental ones. That is, a
coolant sub-cooling effect, such as a steam bubble
behavior and a flashing effect, and a natural circulation
flow instability should be evaluated. For the geometry
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scaling, the 1-D phenomena should be compared with the
3-D ones of HERMES-HALF.

In this paper, the T-HERMES-1D non-heating
experimental results are presented.

2. Methods and Results
2.1 T-HERMES-1D Experiments

A schematic diagram of the T-HERMES-1D
experimental facility is shown in figure 1. The facility is a
one-dimensional one when compared with the HERMES-
HALF facility [1] which simulates a three-dimensional
half height and half section of the APR1400 reactor vessel
and insulation system. The height of the main test section
is a half scaled-down reactor vessel and an insulation part
which is prepared by utilizing the results of a scaling
analysis proposed by Cheung [2] to simulate the APR1400
reactor and insulation system. The width of the main test
section is 100mm, therefore the T-HERMES-1D has a
rectangular cross section. The facility is design to perform
both direct heating and non-heating experiments by
changing the bottom region of the reactor vessel wall. To
measure the flow void fraction, three differential pressure
transmitters are installed on the test section wall.

The water inlet pressure condition is controlled by
changing the water head level in the reservoir. For
maximizing the natural circulation flow, water inlets and
outlet ports exist in the insulation. The natural circulation
flow rate is measured by the turbine flow meter which is
installed on the bottom of the inlet hole.
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Figure 1. Schematics of T-HERMES-1D Facility



2.2 Experimental Results
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Figure 2. Experimental Results (O.A. : outlet area)

The parameters of the T-HERMES-1D non-heating
experiments were the air flow rates (10 ~ 50%,
100%=0.057m"/sec), the water inlet area (0.2 ~ 3.57x 10
m®), and outlet area (1.785, 3.57x 10° m?). The external
water reservoir was filled with stagnant water up to
3.925m from the water inlet.

Figure 2 shows the T-HERMES-1D non-heating
experimental results according to the injected air flow rate,
inlet area, and outlet area. As shown in Figure 2, as the
injected air flow rate and inlet area increase, the
circulation water flow rates also increase. As shown in
Figure 2(b), the natural circulation mass flow rates
asymptotically increase, that is, they converge at a specific
value as the inlet area increases. So a minimal water inlet
area should be selected to optimize the natural circulation
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flow. This is the same feature as the HERMES-HALF
experimental results [1]. From the experimental results,
simple empirical correlations were obtained within a =+
15% error bound as shown in equations 1 and 2.

CF =(2.06 + AF /82.4)[1—exp(—14/0.635)]

at outlet area 3.57x 107 m’ (D
CF =(1.84+ AF /89.4)[1—exp(—14/0.589) ]
at outlet area 1.785x 10~ m? 2)

where CF : circulation mass flow rate (kg/s),
AF : air flow rate (m’/hr),
IR : inlet area (x 107 m?).

3. Conclusion

To evaluate the property and geometry scaling of the
HERMES-HALF experimental results, the T-HERMES-
1D experimental facility was set up and non-heating
experiments were performed. That is, the two-phase
natural circulation mass flow rates through the gap
between the reactor vessel and the insulation in the
APR1400 under an external vessel cooling have been
measured experimentally with variations of the injected
air flow rate, water inlet area, and outlet area. And simple
empirical correlations to predict the circulation mass flow
rates were obtained from the experimental results. The T-
HERMES-1D non-heating experimental results showed
the same trends as the HERMES-HALF experimental
ones.
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