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Abstract

Previous to the present work, a formal calculation was approved [1,2] to support the
operation of the High Flux Isotope Reactor (HFIR) Horizontal Beam-Tube 1 of 4 (HB-1). The
present calculation [3,4] repeats the previous work using COMSOL Multiphysics® software
and extends the analysis to cover a broader range of coolant flow. In addition, this new
calculation expands the analysis much further than the previous work to include (1)
material properties as a function of temperature, (2) investigated available two-equation
turbulence models, (3) investigated quadratic finite element basis functions, (4) included
mesh-convergence studies, and (5) included a fully-coupled thermal-fluid-structure
interaction due to the thermal expansion of the solid materials in the model. The analysis
was performed at both normal power levels, and to address nuclear safety concerns, at
extreme power levels. The purpose of the calculation was to allow the HB-1 system
engineers to choose an extended operating range for the cooling water flow rate, and
most importantly, assure that the aluminum components of HB-1 would not exceed a
threshold temperature of 250 F [5] and cause undesirable changes in the temper
properties of the aluminum components. And finally, in order to improve the analysis
further, some additional recommendations are included for consideration.
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Figure 1: Schematic of horizontal cut through the middle of HB-1 from Ref. [1]



Figure 2: Solution view at beam tube nose detailing temperature contours and velocity
streamlines for 22.5 gpm flow and 120 MW power using the k-w turbulence model.

Figure 3: Solution view at beam tube nose detailing temperature contours and velocity
streamlines for 22.5 gpm flow rate and 120 MW power using the SST turbulence model.
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Figure 4: Maximum beam tube temperature (°F) as a function of HB-1 inlet flow (gpm) for
conservative power level (120 MW; solid line and square symbols) and best-estimate
power level (85 MW, dashed line and circle symbols).
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