Heat Flux Measurements with Uncoated HFMs

Vatell strives to make the calibration of our heat flux sensors as accurate as possible.  To this end, we have several master standards, each with a different coating so that the test sensor can be calibrated against a master standard with the same spectral properties.  Because there are no HFM master standards, however, we cannot match the spectral characteristics of the uncoated HFM during calibration.  The emissivity of the master standard versus the emissivity of the uncoated HFM is taken into account mathematically during the calibration, but there are some limitations to this method, as discussed below.

The emissivities of the coatings that Vatell uses are by and large flat over the infrared and visible spectrum, but not perfectly so.  The mathematical correction we use assumes that the emissivity is a constant, so some uncertainty is introduced in the calibration when this correction is done.  The amount of uncertainty will depend on what section of the spectrum is of interest for the application at hand, with greater uncertainties for tests outside the visible and infrared range, or tests focusing on a single wavelength.  Because the correction essentially removes the emissivity factor from the calibrated sensitivity there is less uncertainty for convection measurements because there is no spectrum of interest per se in the application.

One factor that can significantly influence emissivity is surface roughness.  Rough surfaces tend to absorb more efficiently than smooth ones because smooth surfaces are more likely to reflect incident radiation, especially at grazing angles.  For this reason the coating we typically apply to our sensors is rough on an optical level.  The uncoated HFM, however, is quite smooth due to processing constraints.  For convection measurements and radiation perpendicular to the surface of the HFM this is not an issue.  But for hemispherical irradiance, wide-angle rays are absorbed less efficiently, which may result in an artificially low measurement.  In cases where only a  relative measurement is needed this is unlikely to be an issue.  At Vatell, calibrations of uncoated HFMs are done with radiation perpendicular to the surface to avoid this problem, but not all applications can have that luxury.  Therefore the user is cautioned that when making wide-angle radiation measurements the absolute values measured by the HFM may be lower than expected.

