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• In high-speed aerodynamics, the important nondimensional parameters that we need to match 

are Mach number and Reynolds number.

• Setting one of these numbers is easy.

• But if we want to keep the dynamic similarity, matching both numbers is not very 

straightforward.

• In order to maintain dynamic similarity, we need to change the reference pressure and 

temperature.

• The question is, what reference values do we use in order to match the Mach number and the 

Reynolds number?
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• Let us start with the definition of the Mach number M and the Reynolds number Re (based on a 

characteristics length L),

• And recall that the speed of sound a is defined as,

• Therefore, the Mach number can be written as,
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• At this point the question is, how does temperature and pressure affect the Mach number and 

Reynolds number?

• Recall that the speed of sound and the dynamic viscosity are both functions of temperature.

• Also recall that the density is a function of pressure and temperature, and they can be related 

via a thermodynamics equation of state (i.e., the ideal gas law).

• Therefore, we can express the Mach number and the Reynolds number as follows,

• We can now plug the Mach number equation into the Reynolds number expression by solving 

for the freestream velocity U∞.



Matching Mach number and Reynolds number

4

• By using the definition of the speed of sound we obtain the following relationship,

• At this point we can use the ideal gas law to relate density to pressure and temperature as 

follows,

• By substituting the ideal gas law into the previous Reynolds number relation, we obtain the 

following equation,
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• In this expression,

• We are only missing the dynamic viscosity dependence on temperature. 

• This dependence can be computed using, for example, Sutherland’s law,

• This expression corresponds to Sutherland’s law with two coefficients.

• One of the many models available in the literature.
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• At this point, we can solve for the pressure to obtain the following expression that relates the 

Mach number and Reynolds number,

• By choosing a reference temperature, we know everything on the right-hand side and can 

directly solve for P.

• Note that the temperature is given in Kelvins.
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• The opposite approach is also possible, but it requires more work as we need to use an 

iterative method (e.g., Newton’s method) to solve for T.

• Either of the previous approaches are valid. 

• However, the first approach is easier to implement.
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• The main takeaway of this discussion is that when working with scaled models (in physical 

experiments or in numerical simulations) and in order to keep the dynamic similarity between 

the Mach number and the Reynolds number, you need to define the right temperature and 

pressure values.

• When conducting numerical simulations, you must know the reference pressure and 

temperature, and the working fluid used in the experimental facility.

• Read carefully the experiment specifications or reference publication.

• A big advantage of numerical simulations is that there is no need to work with scaled models.

• But when comparing numerical simulations with the experimental values, you always need to 

respect the dynamic similarity because not necessarily the physical experiments are conducted 

full scale.
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• NASA wind tunnel testing guide.

• https://www.nasa.gov/sites/default/files/atoms/files/nasa-2018-gftd_trifold-3-20-2019-508.pdf

https://www.nasa.gov/sites/default/files/atoms/files/nasa-2018-gftd_trifold-3-20-2019-508.pdf


Matching Mach number and Reynolds number

10

• NASA wind tunnel testing guide.

• https://www.nasa.gov/sites/default/files/atoms/files/nasa-2018-gftd_trifold-3-20-2019-508.pdf

https://www.nasa.gov/sites/default/files/atoms/files/nasa-2018-gftd_trifold-3-20-2019-508.pdf


Matching Mach number and Reynolds number

11

• A few links to wind tunnel facilities around the world:

• https://www.nasa.gov/centers/langley/news/factsheets/WindTunnel.html

• https://www.nasa.gov/centers/ames/orgs/aeronautics/windtunnels/index.html

• https://www.etw.de/wind-tunnel/overview

• https://www.onera.fr/en/windtunnel

https://www.nasa.gov/centers/langley/news/factsheets/WindTunnel.html
https://www.nasa.gov/centers/ames/orgs/aeronautics/windtunnels/index.html
https://www.etw.de/wind-tunnel/overview
https://www.onera.fr/en/windtunnel
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