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1 Introduction
This report provides background information for a series of reports documenting
accident scenario simulations for the Accelerator Production of Tritium (APT) blanket
heat removal systems [1-7]. The simulations were performed in support of the
Preliminary Safety Analysis Report (PSAR) for the APT. This report gives a brief
description of the FLOWTRAN-TF code which was used for detailed blanket bin
modeling.

The FLOWTRAN-TF code was originally developed at the Savannah River Technology
Center (SRTC) to solve transient conjugate heat transfer problems associated with
single or two phase flow in reactor assemblies having multiple flow channels. In the
reactors, as in the APT, the multiple flow channels are connected to common inlet and
outlet plenums. FLOWTRAN-TF was specifically designed to model flow in this
geometry. The code contains constitutive relations applicable to low pressure and low
temperature two-component (air and water) flows in narrow channels. The original code
contained fluid equations for two-dimensional flow in both the dominant axial direction
and in the azimuthal direction to model flow across narrow rib gaps that were present in
the reactor assemblies. FLOWTRAN-TF contains logic to map out the complete boiling
curve with the following user options:

1. Diettus-Boelter or Sieder-Tate single phase heat transfer correlations.

2. Chen or Mikic-Rohsenow boiling heat transfer correlations.

3 Biasi, SRTC or Macbeth-Bowring critical heat flux correlations.

The original code was extensively documented [8-1 O], verified and validated [11] as part
of the reactor restart effort at the Savannah River Site. The principal authors of the
code are still active in code development work at the site and several members of the
original development team were available to work on the APT analyses. Based on
these considerations, the FLOWTRAN-TF code was chosen to provide detailed
modeling of coolant flow and heat conduction for a single plate within the APT blanket
modble.

To simplify the code as much as possible for the APT application, the original two-
dimensional fluid flow equations were reduced to their one dimensional forms in a
modified version of the FLOWTRAN-TF code. Several parameters in the original two-
dimensionai formulation were specific for flow across the very narrow rib gaps in the
reactor assembly flow channels. Therefore, reducing the code to one-dimensional fluid
flow did not adversely impact the code capabilities for APT calculations.

The original FLOWTRAN-TF code was also designed specifically for three-dimensional
heat conduction in a geometry of concentric cylindrical tubes which applied to the
reactor assemblies. The solid heat conduction module in the code was replaced with
two-dimensional implicit finite element calculations on an unstructured mesh capable of
solving heat conduction problems in more general geometries and specifically in the
blanket plate structures. An explicit axial heat conduction scheme using a finite
difference formulation that couples adjacent axial levels allows the code to model three-
dimensional conjugate heat transfer within a blanket plate.
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At the level of detail required for the preliminary safety analysis, the heat conduction
calculation imposes a significant computational burden on the model. Therefore, an
effort was made to increase the computational efficiency of these calculations by using
matrix reordering, efficient solution methods, and by adopting the simplification of
assuming constant metal physical properties. For the range of temperatures
experienced in the safety analysis calculations the assumption of constant metal
properties is justified. Additionally, time steps for the fluid calculations are set by a
Courant limit because of explicit differencing in the momentum equations. Under some
flow conditions, the time step for the fluid calculations can become very small as the
code attempts to converge to a solution within the specified tolerances. To avoid
excessive computational times caused by performing the solid heat conduction
calculations over these very small time intervals imposed by fluid convergence
constraints, the time step for the conduction calculations is specified independently of
that used by the fluid. That is, solid temperatures are updated at time steps
independent of the time step used for the fluid calculations. While this approach may
lead to some small error in the solid temperature, the significant increase in
computational efficiency warrants its use. For further details on the modifications to
FLOWTRAN-TF as discussed above, see Ref. [13].

2 APT Blanket Model

Figure 2-1 shows a cross-sectional view of the finite element mesh employed in the
FLOWTRAN-TF heat conduction calculations. This mesh is based on the reference 1
blanket plate-type design for a lateral Row 1 component provided to SRTC by LANL
personnel in mid October 1997 [12]. The FLOWTRAN-TF blanket model includes a
single metal plate and the 12 associated half flow channels. Figure 2-1 shows the 12
half flow channels surrounding the plate and the numbering convention used for the
channels. Seven of the channels are trapezoidal shaped slots and five of the channels
are annuii between the plate and the helium tubes. Table 2-1 gives physical dimensions
of the flow channels and the fraction of fluid in each channel under normal operating
conditions. Twenty levels were used to discretize the plate model in the axial direction
with 673 finite element nodes at each axial level. The mesh shown in Fig. 2-1 is used at
each of the “axial levels. Figure 2-2 shows the full three-dimensional mesh used for the
solid heat conduction calculations. Based on preliminary design information, the
reference 1 plate is approximately 0.1 m long, 0.025 m wide and 2.78 m high. In Figure
2-2, scaling in the vertical direction is much smaller than that in the horizontal plane.
Each flow channel forms a one-dimensional fluid cell and the axial discretization is the
same in both the solid and the fluid. There are a total of 240 fluid cells in the entire plate
model.

In all of the calculations, a 2 mil layer of aluminum oxide with a thermal conductivity of
2.16 W/m-K is assumed to be present on the outer surface of the plate. Also, a 1 mil air
gap with a thermal conductivity of 0.10 W/m-K is assumed to be present between the
aluminum cladding and the lead. The air gap represents a conservative model of the
contact resistance between the two metal regions.

Calculations were performed to assess safety margins in the blanket design for loss of
flow, loss of coolant and beyond design basis accident scenarios. Boundary conditions
for the plate calculations specifying the total coolant flow, inlet temperature, outlet
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pressure, and inlet void fraction as functions of time are provided by a TRAC system
model. Pressure at the inlet to the coolant channels is also input and is used to
evaluate physical properties. The helium tubes were treated as adiabatic boundaries in
the heat transfer calculations. In all of the calculations an adiabatic boundary condition
was applied to the outer surface on the decoupler side of the mesh. For the LOCA [2-6]
and LOFA [1] calculations, an adiabatic boundary condition was applied to the outer
surface on the cavity side of the mesh as well. For the accident calculations with
internally dry channels and a flooded cavity [7], the surface heat transfer coefficient on
the cavity side of the plate was specified. These boundary conditions were specified
through the code input and their implementation did not require any modifications to the
code itself.

A sample input deck for the FLOWTRAN-TF code is provided in the Appendix.
Annotations in the input deck explain some aspects of the code functionality. --

L
2
3
4
5
6
7

8-12

Table 2-1 Flow Channel Parameters.

0.4104 1.7862 0.9191 0.099
0.3591 1.7298 0.8305 0.080
0.2552 1.4618 0.6983 0.051
0.1426 1.1247 0.8762 0.023
0.9935 3.1412 0.1557 0.286
0.3064 1.5919 0.5616 0.065
0.4398 2.6141 0.8301 0.086
0.4598 4.8277 0.3810 0.062
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Figure 2-1 Finite element mesh of APT reference 1 blanket plate.
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Figure 2-2 Three-dimensional mesh of APT reference 1 blanket plate.
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