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Dimensional Consistency 

    Now that we have addressed units and dimensions and unit conversions, we can 

immediately make use of this information in a very practical and  important 

application. A basic principle exists that equations must be dimensionally 

consistent. What the principle means is that each term in an equation must have the 

same net dimensions and units as every other term to which it is added or 

subtracted or equated. Consequently, dimensional considerations can be used to 

help identify the dimensions and units of terms or quantities in an equation. The 

concept of dimensional consistency can be illustrated by an equation that 

represents the pressure/volume/temperature behavior of a gas and is known as van 

der Waals’ equation: 
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As you proceed with the study of chemical engineering, you will find that groups 

of symbols may be put together, either by theory or based on experiment, that have 

no net units. Such collections of variables or parameters are called dimensionless 

or nondimensional groups. One example is the Reynolds number that arises in fluid 

mechanics: 
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Example: 
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Dimensional Analysis 

    Dimensional analysis is a method for helping determine how variables are 

related and for simplifying a mathematical model. Dimensional analysis alone does 

not give the exact form of an equation, but it can lead to a significant reduction of 

the number of variables. It is based on two assumptions: 

1. Physical quantities have dimensions (fundamental are mass M, length L, 

and time T). Any physical quantity has a dimension which is a product of 

powers of the basic dimensions M, L and T. 

2. Physical laws are unaltered when changing the units measuring the 

dimensions. 

    Units must be taken into consideration when collecting the data as well as when 

making the list of factors impacting the model and when testing the model. You 

must check that all the equations in a model are dimensionally consistent. 

     The concept of dimensional consistency (the second assumption above) is 

related to dimensional homogenicity. For example, the equation t =√     that 

describes the time a bodyfalls from a distance s under gravity is true in all systems, 

whereas the equation t =√
 

    
 is not dimensionally homogeneous because it 

depends on a particular systems (units of g are neglected so the units of the left and 

the right side of the equation do not match). 
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Home Work: 

Explain what dimensional consistency means in an equation? 


