A general procedure for calibration of temperature sensors

For more information contact:
Chad Hanson 

Email: chad.hanson@oregonstate.edu
Phone: 541-737-9883

A. Rationale
     The purpose of this general procedure is to calibrate temperature sensors to primary (i.e., first principles) standards.

B. Procedure
     We use (as recommended by AmeriFlux) PT-100 platinum resistance temperature sensor (Omega, part# EI1502112-RTD-810-3-36”) with the linearizer (Omega, part# OM5-IP4-100-C).  Using the linearizer allows us to determine calibration coefficients with first-order regression.  Other sensors (i.e., thermocouples, thermistors, and other RTDs) can use this procedure as well. It is important to configure the calibration with the same cable and connections that will be used in the field.  This is particularly true, if resistance temperature detectors are being employed.  The three standards that we use are ice water bath (for 0 ˚C), water vapor at boiling point (for 100 ˚C), and a Gallium cell (for 26.771˚C).

Measure mV signal at 0°C.

Prior to making the calibration measurements, freeze ~ 2 L of deionized (DI) water.  Crush approximately two times the dewer volume worth of ice.  Crush the ice into pieces as small as possible (~ 5 mm diameter), to minimize any potential air gaps between the temperature probe and the ice, and to minimize the amount of liquid water used (NIST Technical Note [TN 1265]).  Place the small diameter tube into the bottom of the dewer to continually siphon liquid water.  Fill the dewer ~1/2 with crushed ice (we use a snow cone shaver).  Fill the dewer with di-water, and then siphon out the water and make sure that the ice settles well in the bottom of the dewer, minimizing any air pockets in the ice.  Continue this process until you are confident that the entire volume of the dewer is filled with shaved ice and minimal liquid water and air space.  Submerge the entire length of the temperature probe into the ice bath.  If the dewer is sufficiently packed, it should require a small amount of pressure to insert the probe.  Once the probe is inserted into the bath, begin collecting data.  If calibrating more sensors, use the same ice bath.  Ice baths can last for 1 - 2 h before replenishing them. 

Measure mV signal at 26.771°C

We use a gallium cell purchased by NIST as a primary standard because of its temperature stability at melting point.  We change the phase of gallium by placing the cell into an aluminum block (to provide additional thermal inertia) and heating it in a 32 °C water bath.  The water bath and aluminum block provides a very homogenous heat source.  When the temperature of the gallium cell reaches its melting point, the mV signal from the temperature sensor will plateau, and we begin collecting data.  The gallium cell will remain at its’ melting point for several hours, so there is plenty of time to measure more than one probe.

Measure mV signal at 100°C

     We place our PRT in a beaker of boiling DI water.  Place 1 L beaker filled with DI on ring stand and secure.  Using a Bunsen burner as a heat source and after the water comes to a boil, place inverted funnel over the beaker, just above the water level.  Insert temperature probe into the narrow portion of the funnel (stem) so that the newly formed water vapor passes around the sensor on up the stem of the funnel.   Ensure that the inverted funnel is completely covered with insulation and that no liquid water passes into the stem.  You may have to adjust the heat to reduce the boil.  Collect data.

C. Secondary standards

     We often check our temperature calibrations against a dedicated sensor that is not used for anything else, and against the RTD-controlled precision water bath.  We have additional holes drilled in the aluminum block that can accommodate multiple PRTs.

