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The basic laws of physics that apply to our everyday lives don’t always follow the 
same rules when dealing with phenomena in the micro-scale regime. When in the 
micro-scale regime, the basic governing equations derived under the assumption 
of local equilibrium break down. This can be further explained, for one 
application, using the concept of mean free path, which is defined as the average 
distance travelled by moving particles between two succeeding collisions. The 
concept of mean free path can be used to help an observer understand if they’re 
dealing with things in the large scale (macro-scale) or really small scale (micro-
scale). The research study area is the heat transfer rate between two parallel plates 
that are located just nanometers away from each other. The air molecules will fill 
up the nano-scale gap between the two samples. It can be stated that by having a 
nano-scale gap, there will be just a few air molecules in the gap (compared to a 
larger gap), which enables us to apply Fourier’s law, eq.(1), in order to estimate the 
rate of heat transfer between our samples. As it can be seen from Fourier’s law, by 
having the temperatures of the samples, the distance and the conductivity of air, 
the rate of heat transfer can be calculated. This research helps teach about the 
conduction of air, using the concept of mean free path of air molecules. Since 
there will be very few particles in between the two plates, Fourier’s law can be 
applied and heat flux can be determined from the distance that separates the plate 
(L) the temperature of each plate (T1), (T2) and the conduction coefficient of air 
(k) as shown in eq.(1) : 𝑞" ! !! !!!!!
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Solut ion Methods  
In the macro-model, the heat transfer of air due to kinetic theory is going to be 
modelled as shown in eq.(1). Knudsen’s number is defined as the mean free path 
over the length 𝐾𝑛 = !

!
. When the Knudsen number Kn << 1, we are in the 

macro-scale and the conduction of air can be calculated using eq.(2) as shown 
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When Kn >> 1, the model is in the micro-scale regime, and a length ratio will 
need to be calculated to get an effective conduction coefficient value : 𝒌𝒆𝒇𝒇 =
𝒌∗
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Conduction coefficient of air calculated as a function of gap distance between the 
samples is shown in Fig 4. 

Figure 4 : conduction coefficient 


