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Temperature Profile of the Solution Vessel of an Accelerator-Driven Subcritical Fissile Solution System
John Determan & Steven Klein
Introduction

Dynamic System Simulation (DSS) models of fissile solution systems have been developed and verified
against a variety of historical configurations®. DSS techniques have been applied specifically to
subcritical accelerator-driven systems using fissile solution fuels of uranium?. Initial DSS models were
developed in DESIRE, a specialized simulation scripting language®. In order to tailor the DSS models to
specifically meet needs of system designers they were converted to a Visual Studio implementation* and
one of these subsequently to National Instrument’s LabVIEW for human factors engineering and
operator training®.

Specific operational characteristics of subcritical accelerator-driven systems have been examined using a
DSS model tailored to this particular class using fissile fuel®. A parameter of particular interest to the
operation of these systems is the temperature profile in the fuel at power. This is due to the fact that
fissile solution fueled systems of any variety exhibit strong negative reactivity feedback due to fuel
temperature and radiolytic gas generated void. To assist in understanding temperature profile in fuel
DSS models all incorporate features to graphically present a view of this profile. Figure 1 is a capture
from the Visual Studio simulation showing the temperature profile over time of ten regions, sliced
vertically, of the start-up and transition to steady-state. Region 1 is the base of the core while Region 10
is the top of the core. In this view it is seen that the rate of heating in the upper half of the core is
generally more rapid than in the lower half. This is primarily due to upward transport of heat from the
center of the core, which is the region of greatest neutron flux from the accelerator. Once a steady-state
condition is reached the variation in core temperature markedly narrows due to core mixing.

As noted, the view presented in Figure 1 is one-dimensional in the vertical direction where the
temperature in a single vertical region has been averaged. DSS models developed also provide a 2-D
analysis providing a view of variation in the radial direction. Figure 2 is a graphical presentation of
information extracted from the DSS database of the radial variation of temperature in each of ten
vertical slabs; radial information is also sliced into ten regions; in this case each region is a torus about
the central core of the vessel. Figure 3 is a two dimensional view of this same information.
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Figure 1: Vertical Temperature Profile of Start-up of an Accelerator-Driven System
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Figure 2: Radial Variation in Temperature at Steady-State

In Figures 2 and 3 the radial regions of the core are labeled R1 through R10; R1 is innermost in the
annular core, while R10 is the outermost.
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Figure 3: 2-D Temperature Profile

Dynamic Color Display

In order to provide a meaningful visual display of the evolution of the thermal profile in these systems
the information displayed in the 1-D and 2-D graphs can be displayed as an aurora in color bars as an
option in the Visual Studio implementation. Figures 4 and 5 are screen captures at selected times from
the simulation of startup of a system, and show an amalgamation of the data plot, data table and
temperature profile displays, all synchronized to the same time. Figure 4 is from 100 s. when the core
temperature gradient is just beginning to be established: the table shows the temperature varying from
25 Cto 38 C and back to 31 C across the height, while the profile file display indicates the temperature
peak is radially central and in the upper half of the vessel. Figure 5 is from 1050 s when the core
temperature gradient is near its peak: both the data table and the profile displays indicate a larger
temperature gradient showing smooth increase with height. Figure 6 presents the time evolution of the
core temperature profile (100 s, 250 s, and 1050 s).

Conclusion

This work has shown that a two-dimensional array of color bars visually sums up the state of a property
like temperature that can have a distribution of values across a region, and is very informative when
combined with the DSS models used in this project. This technique conveys information more intuitively
than any plot or combination of plots can do, and is especially helpful when viewed as an evolution over
time — very much like a motion picture. Temperature is an intensive property of a system; that is, it
does not depend on the size, quantity or amount of anything in the system, but instead, has a value at
any arbitrarily small point (within reason) of the system. It can be reasonably expected that any other
intensive properties that our equations track over a finely nodalized region can be treated in the same
manner. The void fraction in the core particularly stands out as a candidate for this type of treatment.
An additional action to take in representing the void fraction, however, would be to have the logarithm
of the void fraction affect the opaqueness of the color bar, such that the presence of very small amounts
of void could be represented.
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Figure 4: Data Plot, Data Table and Temperature Profile Displays Synchronized at 100 s.
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Figure 5: Data Plot, Data Table and Temperature Profile Displays Synchronized at 1050 s.



Figure 6: Temperature Profile Evolution: 100 s, 250 s and 1050 s.



