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A THORAX PRETEST PREDICTION OF A SODIUM BOILING TRAﬁSIENT
IN A 19-PIN SIMULATED LMFBR DRIVER BUNDLE

S. Da Rose

OAK RIDGE NATIONAL LABORATORY
Oak Ridge, Tennessee 37830, USA

SUMMARY

Experiments will be conducted in the Thermal-Hydraulic
Out~of-Reactor Safety-Shutdown Heat Removal System (THORS-
“TRS) Assembly 1 loop at Oak Ridge Nationmal Laboratory (ORNL)
to model the behavior of a reactor during degraded decay heat
removal conditions. The test sectionm is to comsist of two
parallel 19-pin electrically-heated driver bundles, typical of

.U.S. Large Developmental Plant (LDP) Liquid Metal Fast Breeder
Reactor (LMFBR) design. Analysis of these experiments will
include using THORAX, a two-dimensional boiling model which
assumes an eguilibrium mixture two-phace flow (with slip). A
THORAX prediction is presented for a single-bundle forced
convection boiling—to-dryout traunsient at 15.8 LW/pin. The
thermal-hydraulic behavior for this test is predicted to be
very similar to the equivalent transient previously performed
(and successfully modeled by THORAX) in 1%-pin THORS Bundle
6A which was of Fast Flux Test Facility (FFIF) design. The
boiling behavior is two—dimensional in nature with ~13 s of

boiling predicted before clad dryout conditioms are reached.

INTRODUCT ION

A primary task of the ORNL Breeder Reactor Safety Program is that of
the THORS program. THORS objectives inciude determining the characteris-
tics of sodium boiling in an LMEFBR core at low flcw and at natural convec—
tion conditions. Boiling tests have been carried out extensively in three

test bundles in the THORS facility [1]. The first bundle [2] contained a
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six—c:::;el central blockage which had only limited effects on system
thermal-hydraulic behavior. Testing of 19-pin Bundle 6A [3] and 61-pin
Bundle 9 [4] unblocked bundles indicates that the thermal-hydraulic be-
havior of boiling transients is determined by two-dimensional cffects.
(This conclusion is equally valid from analysis of the 19-pin in-rcactor
Sodium Loop Safety Facility (SLSF) W-1 experiment [5].) Analysis of boil-
ing transients has been carried out with subchannel code SABRE-2P, a ver—
sion of the single—phase transient code SABRE-2 [€6] modified to include a
boiling model, and THORAX [7,8], a two-dimensional boiling model.

Future experimentation at ORNL will address modeling the behavior of
a reactor core duriang degraded decay heat removal conditions., The THORS
facility is being modificd extensively and will be designated the TIIORS-
SHRS Assembly 1. The test section will consist of two parallel 19-pin
simulated driver bundles., Operation of the facility is scheduled fou
October 1983.

In this paper, result; from a THORAX pretest prediction for a boiling
transient in the THORS-SHRS Assembly 1 are presented. The exrerimental
facility and THORAX model are described, and the prediction is also com—~

pared with experimental results [3] from a similar transient carried out

in Bundle 6A,

THORS-SHRS ASSEMBLY 1

The THORS facility is an engineering scale, high—temperature sodium
loop for testing simulated LMFBR assemblies. The power supply and heat
rejection capabilities are each 2 MY, Flow is provided by amn electro-
magnetic pump (EM) rated at 40 L/s. Experimental data are recorded by a
computer-controlled data acquisition system (DAS). Up to 500 instruments
can be accommodated on the DAS and scanned at up to 10,000 points per
second.

A facility flow diagram for the THORS-SHRS Assembly 1 is shown in
Fig. 1. Figure 2 shows a cross section of the simulated LMFBR driver bun-

dles which are of identical design, typical of the %.S. LDP LMFBR., The



two bundles will be in parallel with a third unheated line which will
serve a dual purpose. In forced convection, this line will operate in
upflow as a bypass to help provide a constant pressure drop boundary conm
dition. During natural convection tests, this line. which will contain a
sodium—to-sudium intermediate heat exchanger (IHX), will operate in down—
flow to provide a more prototypic coolant path between the upper and lower

plena.

The fuel pin simulators shown in Fig. 2 are 6.99 mm in diameter
spaced by 1.22-mm diameter wire-wraps on a 305-mm axial pitch. The 1.016—
m heated zone has a chopped cosine power distribution with a pezk-to-mean
ratio of 1.28., Unheated lengths of 356 mm above and below the heated sec—
tion simulate axial blankets, and a simulated fission gas plenum 813 mm in
length is included above the simulated upper axial blanket.

The THORS-SHRS Assembly 1 test program is designed to simulate postu-—
lated, low—probability accidents that might occur in an LMFBR st decay
heat power conditions., The thermal-hydraulic behavior in single-phase and
two—-phase conditions will be characterized uwnder natural and degraded
forced convection conditions. The effects of loss—of-heat sink (reduced
inlet subcooling) and a parallel, heated bundle on loop thermal-hydraanlic
behavior will also be investigated. Tests simulating the transition from

forced convection to natural convection will also be performed,
THORAX MODEL

Experience using SABRE-2P (with a two-phase multiplier boiling model)
-indicated that a fast executing 2-D model would be preferable to a full
subchannel model. The THORAX model was developed at ORNL for analysis of
boiling data from Bundle 6A, Bundle 9, and SHRS Assembly 1.

Results from THORS sodium boiling tests indicate that the timing of
the important phencomena, primarily boiling initiation and cladding dryout,
are determined by 2-D thermal-hydraunlic behavior, that is, by the rates of
macss, momentum, and energy transfer in the direction perpendicular to the

fuel pins. Therefore, it is not possible to use the 1-D models that have



been developed for LMFBR safety analysis to extrapolate the results of
THORS testing to tramsients involving full-size fuel pin bundles. Some of
the existing 2-D boiling models avazilable are of limited use due to vari-—
ous problems, including (1) the inability to reach an adequately converged
solution; (2) the Iimitation of only an inlet mass flow boundary cordition
instead of a test section pressure drop boundary condition (the laiter is
necessary for modeling transients in which changes in tcst sectiom condi-
tions can cause changes in the inlet flow); and (3) unreasonable computer
time requirements for real transients. With these problcas in riind, the
THORAX model was developed with the following features:

1. The simpiest possible 2-D model, two interacting flow channcls,
is used to represent the flow in the hexagonal bundle. As shown in Fig.
3, one channel represents the interior subchannels and the other the edge
subchennels. This is a rational way to divide the flow field, because of
the different power—to-flow ratios in the interior and edge regions of the
bundle. The total axial length of the bundl: is divided into 50 eveniy
spaced axial nodes. The vicinity of an arbitrary axial node J is shown in
Fig. 4. The bundle is divided into the two flow channels and the sur—
rounding structure is nodalized as shown in this figure. Heat transfer
from the bundle duct wall radially outward to the outer housing is expiic~-
itly modeled in TICRAZ, and the effeét of this heat transfer for any given
test can be computed. A staggered pressure—velocity grid is wvtilized in
the fluid fiow domain. The locations of pressures, velccities, enthzl-
pies, and two—phase mixture densities are shown in Fig, 5. The locations
of the control volumes used to formulate equations for the consexvation of
mass, energy, and axial and transverse momentum are also shown in Fig. 5.

2. The basic assumptions of the two-phase flow model are those of
the compressible equilibrium two-phase mixture flow in which the differ—
ence in the component velocities is obtained from 2 correclation for slip
ratio:

Local S1ip =1 + 10 x Local Mixture Quality .
The form of this correlation was derived from data in Ref. 9. The spatial

integration of the mixture void fraction involves assumptions as to the
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form of e transverse enthalpy profile. There is also a provision for
integrating (relaxing) the two~phase density temporally to smooth out dy—
namic instabilities. Film dryout is assumed to occur when the calcumlated
two—-phase quality becomes unity.
3. The equation set which describes the two—dimensional, transient,
two—~phase fluid flow and hest transfer consists of the following:
Conservation of Mass
Conservation of Energy
Conservation of Axial Momentum
Conservation of Transverse Momentum
Conservation of State
Mixture Properties
The coupled set of these highly nonlinear equations are solved using the
powerful SIMPLE algorithm of Spalding and Patankar [10]." This algorithm
involves evaluating the necessary coefficients to put the conservation
equations in linear form. "The system of linearized equations is solved on
an iterative cycle which involves techniques of successive point over—

relaxation and successive line relaxation.

THORAX PREDICTION FOR SHRS ASSEMBLY 1

The THORAX model has been successful in the analysis of both forced

flow and natural comnvection boiling tramsients [7,8]. Extrapolatiocn of
results to full—-size fuel assemblies is also presented in Ref. 9. A con—
trolled flow reduction forced convection boiling—to-dryont test is se-—
- lected here. The test (351A/B Run 103) will be conducted under similar
conditions in both SHRS bundles individually and will be at conditions
very similar to those of a transient previously performed in 19-pin Bundle
6A (Test 73E Run 102A). The test conditions are for a bundle power of
15.8 kW/pin with a constant inlet temperature of 451°C, The required ini-
tial steady-state test section inlet flow is 1.26 L/s. The preset flow
reduction transient is to be initiated by reducing the power consumed by
the EM pump., In this way, the flow is to be reduced to 0.49 L/s in 4 s,

This test has been modeled using THORAX as follows. First., a steady-

state calculation was performed at the high flow using a test section



pressure drop of 179.0 kPa. The test section inlet pressure was ramped
down to 50.7 kPa linearly over the first 3.6 s and then kept constant for
the remainder of the test. The test section inlet temperature was held
constant at 451°C for the entire test. The transient calculation time
step was 50 ms,

The test section inlet flow computed by THORAX is shown in Fig. 6.
Boiling is predicted to initiate at ~8 s near the end of the heated sec—
tion central in the bundle., The static instability then begins to reduce
the inlet flow; the flow decrease accelerates as the boiling rcgion grows
to encompass the entire bundle flow area (~18 s). This results in the
inlet flow reducing to almost zero at 21.5 s when the maximea quality,
predicted by THORAX to be in the center of the btundle ncar the end of the
heated section, becomes unity (the dryout criterion). «igure 7 shows the
test section inlet flow for Test 73E Run 102A, THORS Bundle 6A and THORAX
results [7]. [Bundle 6A also had 15 pins but was of FFIF design with a
914-mm heated length.l The transient behavior in this test was very simi-
iar to that predicted for SHRS Assembly 1: in Bundle 6A, boiling initia-
tion (~7 s) and dryout (~21 s) occurred slightly earlicr.

Calculated mass flux fields for the SHRS Assembly 1 are given in
Figs. 8, 9, and 10 at 12, 18, and 21,5 s into the transient, respectively.
Flow area (or radius squared) is plotted linearly on the horizontal axes
of these plots, and the mass flux vectors are located radially in the cen
ters of the interior and edge channels. For clarity, the scale on the hor-
izontal axes are exaggerated with respect to the vertical axes of axial
position in the bundle. The THORAX model shows clearly the transient
_growth of the boiling region. Most of the flow is Jiverted around the
boiling region into the subcooled edge chan:ziel until this region extends
almost across the entire bundle cross section. At dryout, the two-phase
region extends axially for ~1.5 m with boiling across the whole bundle for

the upper axial blanket and part of the simulated fission gas plenum.
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Fig., 1. THORS-SHRS Assembly 1 facility flow diagram.

FIGURE CAPTIONS

Fig. 2. THORS-SHRS Assembly 1 bundie cross section.

Fig. 3. Crecss section of THORS-SHR> Assembly 1 showing the two
THORAX computational flow channels,

Fig. 4. Control volume scheme used in THORAX near axiul wnode J for
SHRS Assembly 1.

Fig. 5. Nodalization scheme for Pressure, Density, Velocity, and
Enthalpy in THORAX near axial mnode J.

Fig. 6., THORAX pretest prediction of test section inlet flow for
forced convection Test 331A/B Run 103 at 15.8 kW/pin in a 19-pin simulated

LMFBR driver assembly (THORS-SHRS Assembly 1).

Fig. 7. Test section inlet flow for Test 73E, Run 102A, THORS Buadle
6A experimental data and THORAX results.,

Fig. 8. THORAX mass flux field at 12 s into THORS-SHRS Assembly 1
test 351A/B Run 103.

Fig. 9. TIORAX mass flux field at 18 s into THORS-SHRS Assembly 1
test 351A/B Run 103.

Fig., 10. THORAX mass flux field at 21.5 s into THORS-SERS Acsembly 1
test 351A/B Run 103.
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