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Using tabular data for temperature-dependent and strain rate-dependent 
properties 
 

One of the most convenient ways to define temperature-dependent and strain rate-dependent material properties 
in FLOW-3D is to directly import the data into a table. However, this is surprisingly inefficient from a computational 
perspective because the data must be interpolated to determine the material properties in a cell, and this 
interpolation must be done in every active cell for every time step. Because the interpolation routine is called so 
frequently, even small changes in the efficiency of the method can translate to large changes in the overall 
simulation runtime. For example, if this routine took an additional microsecond to complete in a one million cell 
problem that ran for 1000 cycles then the total runtime would increase by 1000 seconds. 

Most of the work in a typical interpolation routine comes from searching through the input data to find the correct 
bounding values for the independent variable. Because of this, the method used in FLOW-3D linearly interpolates 
the input data during the preprocessor stage to create a new, uniformly-spaced table of values. The new table has 
1000 evenly-spaced points (including the ends) for fluid properties and 100 evenly-spaced points for component 
properties. This single step eliminates the search procedure since the bounding values are easily evaluated from a 
simple equation, making the algorithm extremely efficient. 

However, changing to a uniformly-spaced independent variable has some side effects: the accuracy of the 
conversion deteriorates if the dependent variable changes significantly in a small portion of the total range of the 
independent variable. This situation is illustrated below for a strain-rate-dependent viscosity. Note that the plots 
are on a log-log scale. 

 

Figure 1: Input viscosity data     Figure 2: Interpolated viscosity data in FLOW-3D 

The range of strain rate values in the original table, shown in Figure 1, is from 0.1 to 1.0e+6 (s-1) and the most 
significant variation in the viscosity occurs between 0.1 and 200 (s-1). However, the uniformly-spaced data used in 
FLOW-3D, shown in Figure 2 (remember the plots are on a log-log scale), does not have any data points between 
0.1 and 1000 (s-1), leading to a poor approximation of the input data in this range, as shown in Figure 3.  
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Figure 3: Inaccurate conversion due to insufficient data points in critical area 

To maintain accuracy make sure that the input tabular data does not significantly exceed the expected range of the 
independent variable in the simulation; e.g., if the strain rate is expected to vary between 0 and 1000 (s-1) only 
input data for strain rates in this range.  

Also, there are certain situations where it is possible to get a more accurate representation of the input data over 
the entire range of input variables by only specifying data in regions where the dependent variable changes rapidly. 
This can be done by removing points from the input data, comparing the root-mean-square error (or some other 
norm of the error) between the FLOW-3D representation of the shortened data set to the original data set, and 
repeating the process until finding the data set that minimizes the computed error. Applying this procedure to the 
example data set discussed here yields the results shown in Figure 4. The blue circles represent the truncated set 
of data points that minimizes the L10 norm of the error over the entire range of strain rates, providing a better 
average representation of the input data in FLOW-3D than the original data set. 
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Figure 4: The data set that minimizes the L10 norm of the error compared to the original data 

There are many other ways to determine what data to use; the one proposed above is just a generic example. A 
more complex method might weight the error term based on the amount of fluid expected to be at that strain rate 
during the simulation, or might weight the error term to make the properties more accurate in a particular region 
of the domain, or could use some other weighting scheme during the minimization process. Alternatively, one 
could forego the minimization process entirely and write a customization to use a polynomial fit to evaluate the 
viscosity as a function of the strain rate. 

Overall, the biggest factor affecting the accuracy of the interpolation procedure in FLOW-3D is how quickly the 
dependent variable changes in comparison to the total range of the independent variable, so keep this in mind 
when using tabular temperature-dependent or strain rate-dependent input data. Most material properties vary 
gradually enough that this is not an issue, but the FLOW-3D v11.1 release will include additional diagnostics to 
identify potential inaccuracies in the property data representation before the simulation is run. 
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