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ABSTRACT

The RVACS test 2F-L was analyzed to support the validation of COMMIX.
This test is characterized by a power input of 50 kWs natural convection in
the sodium pool, forced RVACS air circulation and a heat up period of 8
hours. At the beginning of the experiment the sodium pool was isothermal.
After 7.5 hours the system reached near steady state with a temperature
difference between the bottom and top of the pool of 96°C.

The COMMIX predictions for the sodium pool temperatures and the air
outlet temperatures were in good agreement with measurements. The maximum
difference between predictions and measurements was - 12°C.
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INTRODUCTION

One of the main safety features of the current
LMR (Liquid Metal Reactor) designs is the
utilization of decay heat removal systems that
remove heat by natural convection. To accu-
rately predict the behavior of the reactor
sodium pool during the operation of these
systems - and consequently their performance -
3D thermal hydraulic codes like COMMIX (1) are
needed. The objective of this work was to
analyze the RVACS test 2F-L to support the
validation of COMMIX. This test is one of a
number of tests which were performed to gener-
ate thermal-hydraulic data for the validation
of codes like COMMIX, and to demonstrate
the performance of the RVACS (Reactor Vessel
Auxiliary Cooling System) and DRACS (Direct
Reactor Auxiliary Cooling System) decay heat
removal systems of LMR designs like SAFR and
PRISM.

TEST CONFIGURATION

The RVACS test facility simulates the decay
heat removal path of a pool LMR during
operation of the RVACS system. The experi-
mental configuration (Fig. 1) consists of a
sodium tank - 3 m high and of - 0.9 m outside
diameter. This tank is surrounded by a guard
vessel which in turn is surrounded by an air
collector shell. The gap between the guard
vessel and the air collector shell forms the
air flow path that removes the decay heat.
The air is released to the atmosphere through
a 15 m high stack. The reactor core is
simulated by seven electrically heated rods

(heater zone). The Intermediate Heat
Exchanger (IHX) is simulated by three coaxial
pipes. The two inner pipes form the secondary
sodium flow path. The primary sodium flows
through the outer annulus of the heat ex-
changer. During the RVACS tests there was no
heat removal by the secondary sodium. A
cylindrical sheet, 1.27 cm away from the inner
surface of the sodium tank, simulates the
overflow liner.

During a test, the sodium is heated in
the core region and by natural convection
moves into the hot pool, then through the
primary side of the heat exchanger flows into
the cold pool and from there through the two
inlet pipes re-enters the core region. If the
heat removal rate cannot keep the sodium level
below the top of the overflow liner, another
sodium flow path, which connects the hot and
cold sodium pools, is established through the
gap between the overflow liner and the sodium
tank.

Sodium temperatures are measured at
different radial and vertical locations by a
number of thermocouple trees.

COMMIX MODELING

To analyze the RVACS tests with COMMIX a 3-D
(R-e-Z) 180° symmetric model of the test
configuration was developed. To save computa-
tion tir.e, the exhaust stack was not ex-
plicitly modeled. This model used 9 R-node-
intervals, 5 e-node-intervals and 27 Z-node-
intervals.



For the heat transfer between solid
structures and fluids 35 "thermal structures"
(I) were used that simulate the heater zone
rods, the heater zone shrouds, the inlet
pipes, the redan, the heat exchanger, the heat
exchanger shroud, the overflow liner, the
sodium tank, the guard vessel, and the
collector shell. To compute pressure drops,
the test configuration was represented by 15
"force structures" Q ) that simulate the inlet
pipes, the heater zone, the sodium exit slots,
the heat exchanger, the overflow liner, and
the air flow path.

Heat transfer coefficients were computed
from the correlations given in Table 1. Since
sodium has a high conductivity and the sodium
velocities along the redan, and the tank and
overflow liner walls are small, the assumption
was made that heat is transferred between
sodium and these structures by conduction.

In RVACS, the dominant mode of heat
removal from the sodium pool is radiation from
the outer surface of the sodium tank to the
inner surface of the guard vessel. From the
guard vessel heat is removed by the flowing
air in the gap between guard vessel and
collector shell and by radiation to the
collector shell. To compute the heat removed
by radiation the emissivities of the surfaces
involved are needed. Emissivity values of
0.68 were used for the sodium tank and the
inner surface of the guard vessel and 0.51 for
the outer surface of the guard vessel and the
air collector shell. These values were
supported by RVACS test data and COMMIX
sensitivity analyses.

TEST ANALYSIS

Test 2F-L is characterized by a power input of
50 kW, forced air circulation and a heat up
period of 8 hours. It was initiated as
follows. With the inlet of the air blower and
the damper of the stack closed, the system was
heated with preheaters to 249°C. The inlets of
the air blower and the stack damper were
opened while the preheaters were kept on. The
air side of the system was cooled down by
natural air circulation while the pool sodium
temperature was kept at 349" ± 6°C. When the
air temperature at the exit of the air annulus
reached 93°C, the preheaters were turned off,
and the air blower and the heaters of the core
region were turned on. The transient reached
a near steady state at about 7.5 hours. The
analysis of the transient started at the time
the core region heaters were activated. The
sodium level at the initiation of the experi-
ment was at the top of the overflow liner and
there was overflow throughout the experiment.

Steady State Analysis

Figure 2 shows sodium temperature measurements
in the hot sodium pool at the same azimuthai
position for three different radial positions
and at an elevation of - 0.3 m from the
surface of the sodium pool. Similar measure-
ments at different elevations in the hot and
cold pool and at different azimuthal positions
show that throughout the transient there is no
significant radial or azimuthal temperature
variation in the sodium pool. The COMMIX
predictions also show that there are no sig-
nificant radial or azimuthal sodium temper-
ature variations.

Temperature measurements in the vertical
direction show that between the bottom and top
of the hot pool there is a temperature vari-
ation of - 10°C. This corresponds to an
average temperature gradient of - 10°C/m. The
cold pool exhibits a practically linear
temperature distribution with a much steeper
gradient of - 64°C/m. The lowest elevation
where temperatures were measured in the cold
pool is 0.2 m from its bottom. The temper-
ature difference between this point and the
top of the cold pool is 74.5°C. The sodium
temperatures predicted by COMMIX are in good
agreement with measurements. Figure 3 shows
sodium temperature measurements and COMMIX
predictions in the vertical direction at a
radial point half-way from the tank center to
the tank walls. The maximum difference
between predictions and measurements is 9°C.
The average temperatures measured at the inlet
and outlet of the heater zone (core region)
are 389.5 and 518.3°C, respectively. The
corresponding COMMIX predictions are 393.5 and
529.6°C. Thus, the predicted temperature rise
along the core region is 5.7% higher than the
measured value. This means that the predicted
flow through the core region is - 5.4JS lower
than its actual value. Finally, COMMIX
predicted an air temperature of 48.1°C at the
outlet of the air flow channel versus a
measured value of 47.5°C.

Sodium velocities predicted by COMMIX are
shown in Fig. 4 for five vertical planes, each
located in the middle of a e-node-interval.
The main flow path is from the inlet pipes to
the heater zone and from the exit slots into
the hot pool. From the inner hot pool hot
sodium flows up to the top of the pool and
then radially to the walls of the tank. Then
it flows back to the cold pool through the
overflow path and the outer part of the heat
exchanger. COMMIX predicts a flow reversal
path in the extension of the heater zone, and
circular-type flows in the hot and cold pool



and the heat exchanger. There are no velocity
measurements to directly validate these
interesting flow patterns.

Transient Analysis

At the initiation of the 2F-L transient the
sodium pool was nearly isothermal at 349°C.
The activation of the core region heaters led
to a pool heatup that leveled off after - 7.5
hours. At this time the heat removed by the
RVACS system was about equal to that generated
by the heaters, and a temperature difference
of 96°C was established between the bottom and
the top of the pool. The core region power
and the RVACS air velocity varied very little
during the transient. The air inlet temper-
ature, due to the rise in the ambient air
temperature, increased approximately linearly
from 27.7°C to 34.4°C.

Figure 5 shows COMMIX sodium temperature
predictions and measurements in the vertical
direction at different times during the
transient at a radial point half-way from the
tank center to the tank walls. The COMMIX
predictions are in good agreement with the
measurements. The maximum difference between
predictions and measurements is - 12°C. The
vertical temperature gradient in the hot pool
remained small throughout the transient, while
the cold pool exhibited a significant strati-
fication. COMMIX predicts a significantly
higher stratification in the upper than the
lower half of the cold pool. Since there were
no temperature measurements very close to the
bottom of the cold pool, this prediction
cannot be validated. As mentioned earlier,
there were no significant sodium temperature
variations in the radial or azimuthal di-
rections throughout the transient. The COMMIX
predictions did not also show any significant
variations in these directions. The air
temperatures predicted at the outlet of the
air-channel (stack inlet) were within the
spread of the experimental measurements
(- 4'C).

SUMMARY

To accurately predict the behavior of the
reactor sodium pool during the operation of
the RVACS and DRACS decay heat removal systems
- and consequently the performance of these
systems - 3D thermal hydraulic codes like
COMMIX are needed. In this work, the RVACS
test 2F-L was analyzed to support the vali-
dation of COMMIX.

This test is characterized by a power
input of 50 kW, natural convection in the

sodium pool, forced RVACS air circulation and
a heat up period of 8 hours. At the beginning
of the transient the sodium pool was iso-
thermal. After 7.5 hours the system reached
near steady state with a temperature differ-
ence between the bottom and top of the pool of
96°C. The largest part of this difference was
due to the stratification of the cold pool.
The vertical temperature gradient in the hot
pool remained small throughout the transient.
The sodium temperature variations in the
radial and azimuthal directions were not
significant.

The COMMIX predictions for the sodium
pool temperatures and the air outlet temper-
atures were in good agreement with measure-
ments. The maximum difference between
predictions and measurements was - 12°C.
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Table 1. Heat Transfer Correlations

Air Flow (Ref. 2)

Nu = 0.023 Re0'8 Pr0'4

Air Gap Between Sodium Tank and Guard Vessel

h = AX' K = air conductivity,

AX = gap size

Sodium-Side Vertical and Horizontal Surfaces

2Kh = -jr, K = sodium conductivity,

AR = node interval size

Heater Zone - AHX Primary Side (Ref. 3)

Nu = 4.55 + 0.016 (PrRe)0'36

Inlet Pipe (Ref. 4)

Nu = 4.82 + 0.0185 (RePr)0*827
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Figure 1. Test Configuration
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Figure 2. Sodium Temperatures (R = 0.08m, 0.28m and 0.41m)
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Figure 3. COMMIX Steady State Temperature Predictions
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Figure 4. Sodium Velocities in Vertical Planes 1 to 5
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Figure 5. COMMIX Temperature Predictions for
tha 2F-L Transient


