
Citation: Pernau, H.-F.; Benkendorf,

M.; Jägle, M.; Heinrich, S.; Knittel, T.;

Wöllenstein, J. Measuring the Thermal

Conductivity of Humid Air over a

Broad Temperature and Water

Content Range. Proceedings 2024, 97,

167. https://doi.org/10.3390/

proceedings2024097167

Academic Editors: Pietro Siciliano

and Luca Francioso

Published: 8 April 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

proceedings

Abstract
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Abstract: The knowledge of the thermal conductivity of humid air between 0 and 100 ◦C and 0 and
100% relative humidity is of great interest for various applications. However, direct measurement
of the thermal conductivity of gaseous substances is challenging. Using an adapted version of the
3-omega method, we show that direct measurement is possible within a reasonable error limit.
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1. Introduction

The direct measurement of the thermal conductivity of humid air is challenging. In
this work, an adapted 3-omega method for measuring the thermal conductivity of gases
over a wide temperature range is presented. Using additional measurement steps, the
thermal conductivity of humid air can be obtained with reasonable accuracy.

2. Materials and Methods

Using an adaptation of the well-known 3-omega method [1], we can measure the
frequency-dependent thermal system response of a thermal excitation, which is determined
by the thermal diffusivity, density and heat capacity. In this method, an alternating current
of frequency ω is applied to a heater, causing temperature oscillations and thus a modu-
lation of the temperature-dependent heater resistance with twice the frequency, 2ω. This
results in a 3ω part of the measured heater voltage spectrum that can be easily separated
and from which the amplitude of the temperature oscillation can be determined [1]. The
amplitude becomes larger with the lower thermal capacity, conductivity and density of the
analyte. All thermal measurements are affected by changes in density, thermal diffusivity,
heat capacity or currents. However, the 3-omega method provides additional information
about the measured media, such as the depth information of the frequency-dependent
signal (not shown here, see, e.g., [2]), since thermal waves at lower frequencies have deeper
penetration depths than those at higher frequencies.

The thermal conductivity of humid air depends on the mol ratio and the temperature
of the gas mixture, as can be seen in Figure 1. During a classical thermal conductivity mea-
surement, a heating element was heated above the gas temperature and the thermal energy
flux inside the gas was determined. Due to this fact, the thermal conductivity measurement
was not performed at the actual gas temperature but at an increased temperature, and
therefore the measurement result differs from reality. This shift in the real and the virtual
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conductivity can be seen in Figure 2 for 25 ◦C and 60 ◦C gas temperatures and, in both
cases, a 15 K elevated sensor temperature.
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It will be shown that the adapted 3-omega method, together with additional 
measurement steps, offers the possibility to circumvent this problem and to obtain the 
correct values for the thermal conductivity of humid air over a wide parameter range. 

 
Figure 1. Calculated thermal conductivity [3] of humid air as a function of water mol ratio and 
temperature. 
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Figure 2. Calculated virtual shift in the thermal conductivity when the sensor temperature is 15 K 
higher than the actual gas temperature. Depending on the starting point in Figure 1, the shift in 
thermal conductivity is strongly affected by the absolute humidity (60 °C gas temperature). 
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Figure 1. Calculated thermal conductivity [3] of humid air as a function of water mol ratio
and temperature.
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Figure 2. Calculated virtual shift in the thermal conductivity when the sensor temperature is 15 K
higher than the actual gas temperature. Depending on the starting point in Figure 1, the shift in
thermal conductivity is strongly affected by the absolute humidity (60 ◦C gas temperature).

It will be shown that the adapted 3-omega method, together with additional mea-
surement steps, offers the possibility to circumvent this problem and to obtain the correct
values for the thermal conductivity of humid air over a wide parameter range.
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