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Understanding the Thermal Conductivity of Air in English Units

When engineers design HVAC systems, building envelopes, or heat exchangers, one of the most critical

parameters they consider is the thermal conductivity of air. This property determines how efficiently heat can
move through the air by conduction, influencing everything from energy consumption to occupant comfort. While
most scientific literature reports thermal conductivity in Sl units (watts per meter kelvin, W/(m-K)), many
practitioners in the United States still rely on the older English units, namely BTU per hour per foot per degree
Fahrenheit (BTU/(hr-ft-°F)). Understanding how to translate between these systems, the temperature dependence
of air's conductivity, and practical measurement methods is essential for accurate calculations and cost effective
design.

What Is Thermal Conductivity?

Thermal conductivity is a material property that quantifies the rate at which heat is transferred through a substance
due to a temperature gradient. In simple terms, it tells us how “good” a material is at conducting heat. The higher
the thermal conductivity, the more readily heat can flow through the material. For gases like air, thermal conductivity
is relatively low compared with solids such as metals, but it is still a significant factor in many thermal systems.

Mathematically, heat flux (q) through a material is expressed by Fourier’s law:
g =-k - (dT/dx)

where k is the thermal conductivity, dT/dxis the temperature gradient, and the negative sign indicates heat flows
from hot to cold.

Thermal Conductivity of Air

Air is a mixture of nitrogen, oxygen, argon, carbon dioxide, and trace gases. Its thermal conductivity varies with
temperature, pressure, humidity, and composition. At standard atmospheric pressure (1 atm) and a temperature of
20 /°C (68 /°F), the thermal conductivity of dry air is approximate®y024 /W/(m-K)In English units, this value is
equivalent to about 0.0034 /BTU/(hr-ft-°F)

Because air is a gas, its thermal conductivity increases with temperature. For example, at 0 /°C (32 /°F), the
conductivity drops to roughly 0.018 /W/(m-K)"H0.0026 /BTU/(hr-ft-°F)), whereas at 100 /°C (212 /°F) it rises to about
0.030 /W/(m-K('H0.0043 BTU/(hr-ft-°F)). Humidity also has a noticeable effect; moist air conducts heat slightly better
than dry air at the same temperature.

Temperature Dependence and Empirical Correlations

Engineers often use empirical formulas to estimate air's thermal conductivity at different temperatures. A common
correlation for dry air between 0 /°C and 100 /°C is:

k (W/(m-K)) = 0.024 + 0.00004 /x /T (°C)

For English units, the conversion factor is:



1/W/(m-K) "H 0.176 /BTU/(hr-ft-°F)
Thus, to convert a value from Sl to English units, multiply by 0.176. Conversely, divide by 0.176 to revert to Sl.

Effect of Pressure and Composition

At higher altitudes, where atmospheric pressure is lower, the density of air decreases, reducing its ability to
conduct heat. The thermal conductivity of air is only weakly dependent on pressure because it is a gas; the primary
factor is the mean free path of molecules. In industrial settings, air may be enriched with gases such as nitrogen or
argon, altering conductivity. For instance, adding argon increases conductivity slightly due to argon’s higher specific
heat capacity.

English Units vs. SI Units

In the United States, many legacy HVAC and building codes still reference thermal conductivity in BTU/(hr-ft-°F).
However, the International System of Units (Sl) is universally accepted in scientific research and international
engineering. Understanding both systems is crucial for cross disciplinary collaboration.

Conversion between the two systems is straightforward:
e 1 /W/(m-K) = 0.176 /BTU/(hr-ft-°F)
e 1/BTU/(hr-ft-°F) = 5.678 /W/(m-K)

When reading manufacturer datasheets or building codes, always check the unit system. Mistakes in unit
conversion are a common source of design errors.

Measuring Thermal Conductivity of Air

Although the conductivity of air can be calculated using theoretical models, experimental measurement is essential
for validation, especially in specialized applications such as cryogenic systems or high humidity environments.

1. Heat Flow Meter Method

This method involves establishing a known temperature difference across a sealed chamber filled with air and
measuring the heat flow through the chamber. The conductivity is then calculated using Fourier’s law. The setup
requires accurate temperature sensors (thermocouples or RTDs) and a calibrated heat source.

2. Steady State Heat Flow Technique

In this approach, a steady temperature gradient is maintained across a thin air layer between two plates. Heat flux
is measured using a heat flux sensor, and conductivity is derived. This method is highly accurate for
low temperature ranges.

3. Transient Hot Wire Method

Although more common for liquids, the hot wire technique can be adapted for gases. A thin wire is heated
electrically, and the rate of temperature rise is related to the surrounding medium’s conductivity. This method is
useful for dynamic studies where the conductivity changes with time.

Applications of Air Thermal Conductivity

Understanding the thermal conductivity of air is essential across a wide range of engineering disciplines. Below are
key areas where this property plays a pivotal role.



HVAC System Design

Air ducts, heat exchangers, and ventilation systems rely on precise heat transfer calculations. Engineers use air's
thermal conductivity to determine required duct sizes, fan capacities, and heat recovery efficiencies. In building
design, the thermal conductivity influences the sizing of insulation and the selection of duct materials.

Building Envelope and Energy Modeling

Simulation software such as EnergyPlus and eQuest incorporate air conductivity to model heat flow through walls,
roofs, and windows. Accurate values lead to better predictions of heating and cooling loads, ultimately reducing
energy consumption and improving occupant comfort.

Thermal Insulation and Composite Materials

When designing composite panels or insulation foams, the effective thermal conductivity of the air gaps within the
material must be considered. Engineers often use the rule of mixtures to estimate composite conductivity:

k_eff = (1 -V _air)-k_solid +V_air-k_air
where V_air is the volume fraction of air. Since k_air is low, increasing air voids can reduce overall conductivity.

Heat Exchanger Efficiency

In plate or shell and tube heat exchangers, the air side often serves as a cooling medium. The thermal conductivity
of air, along with convection coefficients, determines the heat exchanger’'s performance. Engineers may adjust air
velocity or temperature to optimize heat transfer.

Scientific Research and Atmospheric Studies

Atmospheric scientists use air conductivity data to model heat transfer in the troposphere, influencing weather
prediction and climate models. Accurate measurements are also vital for aerospace applications, where air
properties affect thermal protection systems.

Practical Tips for Engineers and Designers

e Always confirm the unit system before performing calculations. A common error is mixing S| and English
units, leading to significant design flaws.

« Use temperature dependent values rather than a single constant. For most HVAC applications, a temperature
range of 0 /°C to 50 /°C is typical.

¢ Consider humidity effects in humid climates. Moist air can conduct heat up to 10% better than dry air.

« Validate with measurements if your design operates under extreme conditions (e.g., high altitude, cryogenic
temperatures).

e Leverage simulation tools that automatically incorporate temperature dependent conductivity tables for air.

Common Mistakes and How to Avoid Them

1. Assuming constant conductivity across all temperatures. Air's conductivity varies noticeably, especially in
HVAC systems that operate across wide temperature ranges.

2. Neglecting humidity in calculations. Even modest moisture content can alter heat transfer predictions.

3. Using outdated data from old standards. Always refer to the latest ASHRAE or ISO guidelines.

4. Misinterpreting unit conversion factors. Double check the conversion between W/(m-K) and BTU/(hr-ft-°F).

Conclusion



The thermal conductivity of air in English unitsis a foundational parameter for anyone involved in thermal
design, whether in HVAC, building science, or industrial processes. By understanding how this property varies with
temperature, pressure, and humidity—and by mastering the conversion between S| and English units—engineers
can perform accurate heat transfer calculations, optimize energy usage, and design safer, more efficient systems.
Remember to validate assumptions with experimental data whenever possible, and stay updated on the latest
standards to ensure your designs meet both performance and regulatory requirements.
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