
Results 

Case shown here for extreme  dimensions case of 44-mil-convex, 56-mil-concave 

flow channel (U44-L56) with 8 m/sec water flow. 

 

 

 

FSI Modeling Approach: 

FSI modeling requires solving fluid and structure domains simultaneously using 

fully coupled solver; however, it is computationally costly in addition to that it is 

difficult to obtain converged solution. Therefore; the strategy developed in the chart 

below is used here to achieve the following: 

1. Improve the likelihood to achieve converged solution.

2. Increase the confidence in obtained solution.
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Introduction 

The objective of the present study is to investigate the fluid-structure interaction 

(FSI) of the high flow rate of cooling water with the fuel-plate structure of the High 

Flux Isotope Reactor (HFIR). This flow causes the involute-shaped fuel plates to 

deflect which in turn, changes the flow characteristics.  This nonlinear feedback 

loop between the coolant and the fuel plate is the focus of the present simulation. 

To capture these dynamics between the coolant flow and the fuel plates, it is 

advantageous to use the COMSOL FSI module. The coupling of the Reynolds-

Average Navier-Stokes (RANS) k-ε turbulent model and the structural-mechanics 

equations accurately predicts the HFIR plate deflection. These three dimensional 

(3D) simulations, which are based on both extreme and nominal channel 

dimensions, require high resolution meshing and ORNL high-capacity computing 

to obtain reliable results. 

 

Due to the azimuthal symmetry of the HFIR fuel elements, a single fuel plate and the 

two adjacent coolant channels of the outer HFIR fuel element is modeled1 

𝑰𝒏𝒗𝒐𝒍𝒖𝒕𝒆 𝑪𝒖𝒓𝒗𝒆 𝒆𝒒𝒖𝒂𝒕𝒊𝒐𝒏𝒔𝟐:  𝒙 = 𝒓 𝒄𝒐𝒔 𝜽 + 𝜽 ∗ 𝒔𝒊𝒏𝜽 , 𝒚 = 𝒓 𝒔𝒊𝒏𝜽 − 𝜽 ∗ 𝒄𝒐𝒔𝜽

• The pressure drop across  the

channel is about 100 psi 

which in agreement with true 

value of recorded at HFIR. 

Summary & Conclusions 
The FSI-segregated solver is used to simulate the water flow over a long and thin 

involute-shaped aluminum plate. A multi-step solution approach is implemented. 

This approach has improved the solution convergence rate and physics variables 

toward a mesh-converged solution. The maximum deflection, occurs at or close to 

the leading edge of the fuel plate in all cases. These exploratory and preliminary 

results for extreme case U44-L56 indicate a maximum magnitude of the deflection to 

be approximately 7 mil (0.007 in), which is approximately 14% of the nominal 

channel thickness of 50 mil. 

A graphical depiction of the multi-step solution approach toward mesh 

convergence 

• Cross section velocity

contour at mid-plane 

indicate faster flow profile 

on the narrower side 

(convex side). 

Case: U44-L56 

• 7-mil maximum

deformation occurs close to 

the leading edge. 

• Flow streamlines over fuel

plate deformed surface for 

steady-state solution. 

Case: U44-L56 

Case: U44-L56 

(Deformation is a amplified in the shown plot) 

Case: U44-L56 

(Deformation is a amplified in the shown plot) 
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