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Abstract: The thermal conductivity of humid air at different saturation levels has been investigated
at 70 ◦C. A MEMS-based thermal conductivity sensor was calibrated and used to measure the
thermal conductivity of humid air. The obtained results were compared to different equations for
calculating the thermal conductivity of gas mixtures, in this case, dry air and water vapor. The selected
equations predict contradicting behaviors of humid air at different temperatures and saturation levels.
A semi-empirical equation by Melling et al. for the temperature range of 100 ◦C to 200 ◦C has shown
the best agreement with the experimental data. We intend to study the temperature range from 0 to
100 ◦C in more detail and plan to adapt the interpolation to fit this temperature range.
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1. Introduction

In investigations of the cross-sensitivity of a MEMS-based thermal conductivity sensor
for the detection of hydrogen, an unexpected behavior towards humid air was observed.
Water vapor at 70 ◦C has a thermal conductivity of 23.2 mW/m × K, whereas air at
70 ◦C has a thermal conductivity of 29.3 mW/m×K [1]. Simple mixing equations, e.g., by
Udoetok, or a semi-empirical model by Tsilingiris predict a lower thermal conductivity
for humid air than for dry air [2,3]. However, our measurements of humid air indicate an
increase in thermal conductivity. We have compared our measurement results to different
mixing equations, two of them specifically presented for the calculation of the thermal
conductivity of humid air.

2. Materials and Methods

The measurements were performed using a MEMS-based thermal conductivity sensor
presented by Emperhoff et al. in ref [4]. To calibrate the sensor, a measurement with varying
concentrations between 0% and 3.5% in 0.7% steps of hydrogen in synthetic air was taken
as shown in Figure 1a(i). A mixing equation from Mason and Saxena is used to calculate
the thermal conductivity of the used gas mixtures (Figure 1a(ii)) [5]. According to Zhukov
and Pätz, this is the most suited equation to describe gas mixtures containing hydrogen [6].
The measured sensitivity to hydrogen is converted to a sensitivity to changes in the thermal
conductivity as shown in Figure 1a(iii). This correlation is applied to a thermal conductivity
measurement with varying relative humidities ranging from 0% to 75% at a temperature of
70 ◦C. The resulting thermal conductivity is compared to thermal conductivity values of
dry air and water vapor gas mixtures calculated with equations by Tsilingiris, Udoetok and
Melling et al. [1–3].
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Figure 1. (a) Calibration of the thermal conductivity sensor based on a measurement of different 
concentrations of hydrogen in synthetic air at 70 °C using an equation by Mason and Saxena to 
calculate the thermal conductivity of the used gas mixture [5]. (b) The measured signal is converted 
to a thermal conductivity value for different relative humidities at 70 °C and compared to calculated 
values with equations from Tsilingiris, Udoetok and Melling et al. [1–3]. 

3. Discussion 
The graph in Figure 1b contains results from different approaches to determine the 

thermal conductivity of humid air at a temperature of 70 °C. This can be done for several 
temperatures and will be investigated in more detail. The mixing equations by Tsilingiris 
and Udoetok show a decrease in the thermal conductivity for increasing levels of humidity 
[2,3], whereas the conducted measurements showed an increase in the thermal 
conductivity. A second semi-empirical model which was proposed by Melling et al. shows 
much better agreement with the measured data [1]. This model was interpolated to fit a 
temperature range from 100 °C to 200 °C. A detailed investigation of the temperature 
range from 25 °C to 100 °C is planned to check the correlation for this range and adjust it if 
necessary. 
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Figure 1. (a) Calibration of the thermal conductivity sensor based on a measurement of different
concentrations of hydrogen in synthetic air at 70 ◦C using an equation by Mason and Saxena to
calculate the thermal conductivity of the used gas mixture [5]. (b) The measured signal is converted
to a thermal conductivity value for different relative humidities at 70 ◦C and compared to calculated
values with equations from Tsilingiris, Udoetok and Melling et al. [1–3].

3. Discussion

The graph in Figure 1b contains results from different approaches to determine the
thermal conductivity of humid air at a temperature of 70 ◦C. This can be done for several
temperatures and will be investigated in more detail. The mixing equations by Tsilin-
giris and Udoetok show a decrease in the thermal conductivity for increasing levels of
humidity [2,3], whereas the conducted measurements showed an increase in the thermal
conductivity. A second semi-empirical model which was proposed by Melling et al. shows
much better agreement with the measured data [1]. This model was interpolated to fit
a temperature range from 100 ◦C to 200 ◦C. A detailed investigation of the temperature
range from 25 ◦C to 100 ◦C is planned to check the correlation for this range and adjust it
if necessary.
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