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A coupled sysem of codes is currently under development a the Paul Scherrer
Indtitute (PSl) for the comprehensive trandent andlys's of fast-goectrum criticd and
sub-critical reectors cooled by liquid metd or gas. The thermd-hydraulic cdculations
in this code sysem will be performed by the TRAC-M/AAA code verson, specidly
developed to smulate liquid-metd and gas coolants. The purpose of the presented
work isto assess some of the models employed in this code, which are important for
trangent andysis of fag-gpectrum reactor sysems cooled by heavy liquid metas. In
paticular, the code predictions have been veified agang (a) three sts of
experimenta data on two-phase heavy metd/gas flow and (b) the predictions of other
codes in the framework of a beam-trip caculationd benchmark for a Pb-Bi cooled
ADS. The main concluson of the work is that the TRAC-M/AAA code can, with
reasonable accuracy, predict the consdered phenomena in fast-pectrum reector
systems cooled by heavy liquid metas.
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1. Introduction

A coupled system of codes is currently under development a the Paul Scherrer Indtitute for the
comprehengve trangent andys's of fagt-gpectrum critical and sub-critical reactors cooled by liquid metd
or gas. The therma-hydraulic caculations in this code system will be performed by the TRAC-M/AAA
code [1]. This verdon was specidly deveoped a Los-Alamos Nationd Laboratory (USA) to smulate
additiona working fluids (including liquid metas and hdlium), to add liquid-metal and gas heet transfer
correlations, to smulate fluid power in the working fluid, and to smulate conduction within the working
fluid important for liquid-metad coolants. The current paper presents the results of the TRAC-M/AAA
code as=ssment carried out for trandent andyss of Pb-Bi cooled fast-gpectrum reactor systems. In
paticular, the code predictions have been compared with (@) experimentd data on two-phase
heavy metd/gas flow [2-4] and (b) the predictions of other codes (indluding those initialy developed for
fadt reactors) in the framework of abeam-trip caculaiona benchmark for aPb-Bi cooled ADS[5].

2. Verification Againg Data on Two-Phase Heavy M etal/Gas Flow

A gas lift pump concept based on the bubbling of inert gas in liquid metd to enhance naturd
creulaion of the primary coolant is currently consdered in a number of Pb-Bi cooled reector
projects[6,7]. Thus, verification of two-phase heavy metd/gas flow mode s becomes an important issue.

We simulated three sets of experiments[2-4] with different geometry, coolants, flowrate
and void ranges. Two sets of caculations were made for each test: with the gandard TRAC modd for
bubble drag coeffident ¢y (shown as“TRAC-M/AAA” in the plots) and with the coefficient reduced by
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afactor of 2 (shown as“TRAC-M/AAA mod’ in the plats). The cdculaions, with the modified modd,
were performed to evduate the sengtivity of the resultsto achangein the bubble drag coefficient.

2.1 Test Set 1: Nitrogen Bubbling in a L ead-Bismuth Pool

In order to provide a vdidation of the SMMERK-III code, a number of experiments was performed a
Kyato University (Jgpan) under ajoint research contract with INC[2].

Thetest section (Figure 1) wasarectangular tank of 530x100x20 mm” filled with molten lead-bismuth
a atemperature of 200°C. Nitrogen gas was injected into the liquid molten pool from nozzles at the tank
bottom. A neutron radiography technique was used to visudize the bubble shgpes. Time and
spatidly-averaged void fractions in the pool were measured as a function of gas velocity by dynamic
image processing. Theaverage supeficid liquid velocity equaszero in these experiments.

A two-dimengond (x-z) vessd component (10X 14 nodes) in cartesan geometry was used for the
TRAC-M/AAA dmulaion of the poal. Results of the comparisons made are shown in Figure2. The
predictions of the modified TRAC-M/AAA (with reduced ¢p) are in dightly better agreement with the
data in the higher void regions (typica for the reactor sysems under investigetion), as compared to the
results obtained using the sandard TRAC-M/AAA modd . However, both cd culations underestimate the
datain thelow void region (below 0.1).
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2.2 Test Set 2: GasLift Pump Performancein a Lead-Bismuth Loop

A series of experiments was conducted at the Centra Research Indtitute of the Electric Power Indusiry
(Japan) to evduate the gaslift pump performancein alead-bismuthloop [3]. A diagram of thetest section
isshown in Figure 3. Nitrogen was injected at the bottom of theriser. Three different riser diameterswere
used inthetests 69.3 mm, 106.3 mm and 155.2 mm. In dl the experiments, the test section waskept at a
congant temperature of 200°C. The average void fraction was cdculated from the pressure difference
between theinlet and outlet of the riser, measured by absol ute pressure transducers.

The TRAC-M/AAA noddization scheme used indudes a two-dimensiond (r-z) vessd component
(10X 11 nodes) for the riser and one-dimensond pipe components for the loop legs. Nitrogen was
assumed injected uniformly over theradius of theriser.

The comparison of the caculated and experimentd results for the average gas void in theriser as a
function of the superfida gas vdocity is given in Figure 4 for the three different riser diameters. The



predictions of the modified TRAC-M/AAA (with reduced cp) are in dightly better agreement with the
data for the larges-diameter riser compared to the sandard TRAC-M/AAA modd for the bubble drag
coefficient. In the two other cases, the predictions of the sandard TRAC-M/AAA modd is in better
agreement withthetest deta.
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2.3 Test Set 3: Nitrogen Bubbling in Water and Gallium Pools

Experiments were performed at the Tokyo Institute of Technology (Japan) to examine the
hydraulics characteristics of gas-liquid two-phase pools[4]. In the tests, nitrogen gas was
injected into different liquids in pools of different diameters. The average supeficid liquid
velocity equds zero in these experiments. The data for water at 20°C and liquid gdlium a 80°C
(density: 6060kg/m®) for a pool diameter of 100mm were used for compaison with the
TRAC-M/AAA code predictions.

A two-dimensond (r-z) vessd component (10X 10 nodes) in cylindrical geometry was used in the
TRAC-M/AAA code smulation of the poal. In the reference paper [4], only thetota height of the facility
is presented and there is no information about the pool height. However, the height of the liquid galium
pool is important, becausedue to thehigh gdlium dendty the pressure level & the gas inlet strongly
depends on the poal height. In the current calculations, the height of the gallium pool has been assumed to
be 500 mm. Thisassumption could introduce additiona uncertaintiesin the caculaions

The results of the present comparisons are given in Fgure 5a for water and in Figure 5b for liquid
gdlium. The agreement for the water test is much better than for gdlium. Thisisasto be expected, Snce
the origind TRAC interphase drag relations were developed for water. This particular comparison thus
provides some basic judtification for the gpplication of TRAC-M/AAA. In the case of liquid gdlium, the
code sgnificantly overestimates the test data The reduction of the bubble drug coefficient (in the
modified TRAC-M/AAA cdculaions) decreases this difference, but the discrepancy with the test datais
dill congderable, especidly inthe high void region.
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2.4 Summary of the TRAC-M/AAA Assessment against Two-Phase Flow Data

The TRAC-M/AAA predictions of void fraction versus the various test data considered are
presented in summary form in Figure6a for the standard bubble drag cp model and in
Figure 6b for the modified model. The reduction of the coefficient cp by afactor of 2 slightly
improves agreement with Pb-Bi datain the “high” void region (a > 0.1), worsens it for water
data and Pb-Bi data in the “low” void region (a < 0.1), and does not drastically improve the
overestimation for the gallium data. A separate comparison of the modified TRAC-M/AAA
predictions against the three sets of experimental data for heavy liquid metals is shown in
Figure 7.
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Fig. 6. Summary of TRAC-M/AAA code predictions for void fraction versus test data,
using (@) the standard bubble drag model, and (b) the modified model



1.000 |
r ° Suzuki et a.
o] Nishi et al. D=69.3 mm
u] Nishi et a. D=106.3 mm
| A Nishi et a. D=155.2 mm +§¢

+ Sdito et al. °
c i
2 0.100 - ;1@ °
8 E +
o L +
b e
B o
3 s bfF ®
8 0010+ at o
o r 40 o

A
2 °
o
0.0ol L L | L L | L L |
0.001 0.010 0.100 1.000

Measured void fraction
Fig. 7. Log-log representation of modified TRAC-M/AAA predictions
for heavy liquid metals versus test data

At first glance, the TRAC-M/AAA code predictions employing the reduced bubble drag
coefficient appear to be globaly quite reasonable. With the log-log representation used in
Figure 7 serving to “amplify” the low void fraction comparison, however, two specific
observations become clear on careful appraisal. These are: (@) that in the “high” void region
(a > 0.1) the modified TRAC-M/AAA (though better than the original) still overpredicts the
heavy liquid metal data, and (b) that in the “low” void region (a < 0.1) there is an
inconsistency between the trends of deviations of the code predictions from the different
experimental data sets. In order to resolve the latter inconsistency, further information
(regarding measurement errors, multi-dimensional effects, etc.) is required. In any case, it is
seen that great care needs to be taken when “adjusting” a correlation based on the analysis of
asingle data set.

3. ADSBeam Trip Calculational Benchmark

The results of the firs phase of the cdculationd trandent benchmark “Beam interruption in a
lead-bismuth cooled and MOX fudled acce erator-driven system” were published recently [5]. The god
of this firgt phase was to sudy the behaviour of a PDS-XADStype lead-bismuth cooled system [6]
during beam interruptions of various durations (1s, 3s 65 12s and infinite trip), usng pre-defined
physcd parameers.

The sacond gtage is now dose to completion and includes the andyss of the MYRRHA-type
lead-bismuth cooled sysem [8] during beam interruptions of various durations (1sand 6 ). The man
differences between the PDS-XADS and MYRRHA models are in the fud pin linear power levels
(80W/cm and 317W/cm, respectively) and core heights (0.9 m and 0.6 m, respectivdy). These
differences determinethe sgnificantly different fud temperature levelsin thetwo sysems.

Thesetwo phaseswere andysed a PS with the TRAC-M/AAA and LOOP2 [9] codes. Generdly, the
differences between dl sets of provided results for fud centreine temperatures may be consdered
inggnificant (Figure8). This follows from the nature of these phases of the benchmark, which were
deliberatdy kept very smplein their formulation. However, this confirms that the TRAC-M/AAA code
isableto Smulate trangentsin asubcritica source-driven reactor system, using point kinetics.
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Fig. 8. Comparison of fud centrdinetemperature predictionsin the beam-trip benchmark
for (8) Po-Bi cooled XADS and(b) MY RRHA type models

4. Conclusions

The TRAC-M/AAA code verson was specidly developed a LANL for the trangent smulation of
fast-gpectrum criticd and sub-critica sysems cooled by liquid metd or gas.

Thefirg depstaken a PSl in the assessment of the TRAC-M/AAA codefor the trangent Smulation of
Pb-Bi cooled sysgems include a comparison with (8) three sets of experimentd data on two-phase
heavy metd/gas flow and (b) the predictions of other codesin the framework of a beam+trip caculationa
benchmark for aPb-Bi cooled ADS.

The andys's performed shows good agreement of the TRAC-M/AAA predictions with the data on
two-phase heavy metd/gas flows under different conditions. However, the general trend is that the
original TRAC-M/AAA code predictions overestimate the bubble drag coefficient and the



average void, particularly for void fractions greater than 0.1. Moreover, there is an
inconsistency between the trends of deviations of the code predictions from the different
experimental data sets and, thus, great care needs to be taken when “adjusting” a correlation
based on the analysis of a single data set.

The TRAC-M/AAA code results shows an excdlent agreement with predictions of other fast-reactor
codes in the two different beam-trip benchmark problems considered, viz. for a Pb-Bi cooled XADS and
MY RRHA type modds, which differ agnificantly inthefud pin linear power leve.

The main concluson of the work is that the TRAC-M/AAA code can, with reasonable accuracy,
predict the conddered phenomenain fagt-gpectrum reector sysems cooled by heavy liquid metas.
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