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1. Introduction

The Super System Code (SSC) [1] was developed at the Brookhaven National
Laboratory (BNL) for the thermal hydraulic analysis of natural circulation
transients, operational transients, and other system wide transijnts In nu-
clear power plants. SSC is a generic, best estimate code that models the in-
vessel components, heat transport loops, plant protection systems and plant
control systems. SSC also simulates the balance of plant when interfaced with
the MINET code [2]. SSC has been validated against both numerical and experi-
mental data bases [3,4] and is now used by several outside users [5].

An important area oi interest in LMFBR transient analysis is the predic-
tion of the response of the reactor core under low flow conditions, such as
experienced during a natural circulation event. Under these circumstances
there are many physical phenomena which must be modeled to provide an adequate
representation by a computer code simulation. The present version of SSC con-
tains numerous models which account for most of the major phenomena. However,
one area where the present model in SSC is being improved is in the represen-
tation of heat transfer and buoyancy effects under low flow operation. To
properly improve the present version, the addition of models to represent cer-
tain inter-assembly effects is required.

In this paper, the core models presently in SSC are discussed in Section
2. Also in Section 2, a brief review Is given of the first two stages of the
planned improvement of the core models. These two modules were for low flux
sodium boiling and intra-assembly effects. Section 3 covers the details of
the inter-assembly model, which is the third and last stage of the core model-
ing improvements. Numerical results at a steady-state condition as simulated
using SSC with and without inter-assembly heat transfer, are presented in Sec-
tion 4. Finally, conclusions drawn from this research and recommendations for
future work are given in Section 5.

2. Current SSC Models

In SSC, the reactor core is represented by a user-specified number of
parallel channels. Each channel is represented by an average fuel rod, asso-
ciated coolant channel, and duct wall. The channels are coupled hydraulically
through the inlet and outlet plena. This representation permits <..ie modeling
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of inter-assembly flow redistribution during transients. Each channel is di-
vided into a set of axial nodes for computational purposes. Since in SSC the
flow in a coolant channel is assumed to be unidirectional and axial heat con-
duction is neglected, the temperature at a particular axial level can be cal-
culated by marching from the bottom (or top) of the channel in the direction
of flow. In each individual slice, the fusl (or blanket) material is divided
into a user-specified number of nodes. The fuel cladding gap, cladding cool-
ant, and structure are modeled as one node each. The temperatures are solved
for using an implicit finite difference scheme in time with a weighted resid-
uals method in space.

The SSC core model has been validated against both numerical and experi-
mental data bases [3,4]. The module is fast running, i.e., faster-than-real
tiue on a CDC-7600. The present core model can be used to simulate a wide
range of plant wide transients, including natural circulation transients and
operational transients. Discussions with one outside user, the Power Reactor
and Nuclear Fuel Development Corporation (PNC) of Japan, led to a program that
would add three additional models to SSC;

1) a low heat flux boiling model,
2) an intra-assenibly heat transfer model, and
3) an inter-assembly transfer model.

The low heat flux boiling model was developed to model sodium boiling at
decay heat levels during natural circulation transients [6J. The model, which
is one-dimensional in space, has been validated using both experimental data
and inter-code comparisons. It has now been incorporated into the SSC core
model.

The intra-assembly model, which uses a porous—body approach, is two-
dimensional in the transverse and the axial directions [7], Inside the assem-
bly, the transverse momentum equation is not modeled (i.e., flow is predomi-
nantly in the axial direction). This model has not yet been incorporated into
SSC, but is currently available in a stand-alone format.

The details of the third phase of the development, the inter-assembly
model, are given in the next section.

3. Inter-Assembly Model

SSC has been developed to be a fast-running, system-wide transient analy-
sis code. Thus, the model developed for SSC utilized certain assumptions and
features so that an adequate portrayal of the important processes involved was
accomplished while minimizing computation. The model also was designed to
easily interface with the previously developed low heat flux boiling model and
the intra-assembly heat transfer model.

The model was written for a cluster of assemblies composed of a central
assembly which transfers heat with one ring of adjacent neighbors (see Fig.
1). The model can be applied to more than one cluster during a simulation.
The outer surfaces of the adjacent assemblies are considered to be adiabatic.
Each assembly duct wall is divided into two constant temperature regions.



The sodium in the interstices between the assemblies is assumed to be
stagnant. Future models will allow for natural convection of the interstitial
sodium. The heat capacity of the interstitial sodium is also neglected per-
mitting the interstices to be represented as thermal resistances between the
duct walls.

In the steady-state, all the duct wall temperatures and assembly coolant
properties at a particular axial level are solved for simultaneously using ma-
trix methods. Since the heat transfer coefficients and material properties
are temperature dependent, an iterative procedure is employed. Once the tem-
peratures are converged, the procedure is then repeated for the next axial
level, marching in the direction of flow.

For the six outer (adiabatic) surfaces, the temperatures are given by:

UC [TD - TC] = QD (3.1)

where, TD = duct wall temperature
TC = assembly coolant temperature
QD = power deposited directly into the duct, and
UC = overall heat transfer coefficient between the duct

and coolant

The duct wall temperatures for the eight inner surfaces are given by

3
UC [TD - TC] + I UI. (TD - TD.) = QD (3.2)

j=l J J

where the summation is over the three adjacsnt duct walls and III is the
overall heat transfer coefficient from duct wall to duct wall across the
interface.

These 14 equations, along with the appropriate equations for the assembly
coolant temperature, form a banded matrix which is solved using standard tech-
niques. Since the overall heac transfer coefficients are temperature depen-
dent , an iterative procedure is employed at each axial level until the temper-
atures are converged.

In the transient, the heat flux from the duct wall to the coolant is
handled explicitly. This enables the module to interface with the previously
developed low heat flux boiling model. The transient equation (in implicit
finite difference form) for the six outer surfaces is:

(mcp) (TD - TD~)/At = QD - QC" (3.3)

where m is the mass of the duct wall, cp, the heat capacity of the duct
wall, and QC, the heat flux from the duct wall to the assembly coolant. The
superscripted values are evaluated at the previous timestep. The timestep
size is At.



The eight inner duct wall temperatures are given by a similar expression:

3
(me ) (TD - TD~)/At + £ UI. (TD - TD.) = QD - QC~ (3.4)

P j = 1 J J

where ..he summation is over the three adjacent duct wall surfaces. This heat
flux among the duct walls is evaluated implicitly.

The 14 transient equations also form a banded matrix, which is inverted
using standard techniques. The heat transfer coefficients and material pro-
perties are evaluated from the temperatures calculated at the previous time-
step. The maximum change in the duct wall temperatures is calculated for use
in the automatic timestep control.

4. Numerical Example

As a test of the inter-assembly model, the SSC code was used to calculate
a steady-state condition for a seven assembly cluster with and without inter-
assembly heat transfer. In this test, assemblies 5 and 7 (see Fig. 2), were
modeled as unheated reflector-type assemblies, while the remaining assemblies
were modeled as heated fuel assemblies. Figure 2 shows the calculated exit
coolant temperature as calculated with, inter-assembly heat transfer (the lower
figure on each assembly) and without inter-assembiy heat transfer (the upper,
underlined figure). As can be seen, with inter-assembly heat transfer there
is heat flow to the colder assemblies, raising their temperature, and lowering
the temperature of the center assembly, as expected.

5. Conclusion

The development and formalism for an inter-assembly heat transfer model
for use in the SSC has been presented . This model is designed to be computa-
tionally efficient. The luodel was applied to a steady—state calculation.

It is planned in the future to validate the transient module against FFTF
natural circulation tests.
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Fig. 1 Seven-Assembly Cluster Model for
Inter-Assembly Heat Transfer
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Fig. 2 Coolant Exit Temperatures for a Seven-Assembly Cluster
With (lower figure) and Without (upper figuxe)
Inter-Assembly Heat Transfer


