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The Overlooked Power of 

Dimensional Analysis – A Case 

Study in Flotation Reagents 

Development 



Dimensional analysis is a fundamental, yet often 

underappreciated, method to explore the relationships 

between various physical quantities by examining their 

dimensions - such as length, mass, time, and temperature. 

At its core, dimensional analysis ensures that equations 

remain dimensionally consistent, meaning that the units on 

both sides of an equation must balance. While it is a basic 

scientific skill, dimensional analysis is a powerful tool that 

ensures precision in both scientific and engineering 

calculations, which can have real-world cost implications.

In the realm of flotation reagents development, a key area 

in mineral processing, dimensional analysis plays a vital 

role in achieving optimal results. Since flotation uses 

reagents to separate valuable minerals from the ore. The 

precision in reagent dosage, scaling laboratory findings to 

industrial operations, and optimising the efficiency of the 

process, all hinge on effective dimensional analysis. 

But what does this process really entail, and why is it so 

critical?



One of the primary roles of dimensional analysis in 

flotation reagent development is validating the equations 

used to calculate reagent dosages. In mineral processing, 

even slight errors in dosage calculations can result in 

significant operational inefficiencies, such as low mineral 

recoveries or excessive reagent use, both of which drive up 

costs and waste resources.

Ensuring Dimensional Consistency in 

Reagent Dosages

Consider a laboratory developing a new flotation reagent. 

The lab needs to calculate the exact amount of reagent to 

use based on parameters such as ore mass, target dosage 

and reagent density. Dimensional analysis ensures that all 

the variables are correctly aligned in the equation, avoiding 

mistakes that could lead to using too much or too little 

reagent. If a lab were to use an incorrect formula, it could 

lead to, for example, poor mineral recoveries or grades, and 

necessitating expensive corrections in the full-scale 

operation.

Example:



Another key benefit of dimensional analysis lies in its ability to simplify the transition from laboratory 

experiments to full-scale industrial applications. Lab-scale tests are typically conducted in small, 

controlled environments that may not represent the complexities of real-world mining operations. However, 

when these findings need to be scaled up to full production levels, mistakes could happen if the equations 

used in scaling are not properly dimensioned.

Dimensional analysis allows engineers to reduce complex equations into dimensionless groups, such as the 

Reynolds number (which deals with fluid flow) and the Froude number (which deals with gravity-driven 

flows). These dimensionless numbers help predict how processes, like reagent flow and distribution, will 

behave when scaled from lab settings to massive industrial operations.

Scaling Lab Results to Real-World Operations



In the flotation process, the scale-up 

from a Denver flotation cell to a large 

industrial flotation cell can introduce 

challenges related to flow dynamics. 

By applying dimensional analysis and 

using dimensionless numbers, labs 

can predict how factors like reagent 

dispersion and ore particle behaviour 

will change at a larger scale. This 

foresight allows engineers to optimise 

the process before it is implemented 

on a costly industrial scale, reducing 

the risk of scalability challenges.

Example:

Reagents are a significant cost factor in mineral processing, 

often constituting a large portion of the operational budget. 

Overusing or underusing, reagents can drive costs up or 

lead to inefficient mineral separation. Dimensional analysis 

ensures correct dosages, balancing cost and performance

Optimising Reagent Usage for Cost Efficiency

Say a mining operation is using a flotation reagent that 

costs R10 000 per tonne. Miscalculating the reagent dosage 

by 5% could lead to overuse, resulting in an extra R500 000 

in costs over the course of a year. 

Furthermore, dimensional analysis is invaluable when 

comparing different reagents. By ensuring that all the 

variables in the equations - such as reagent concentration, 

ore throughput, and mineral recovery rates - are properly 

dimensioned, labs can accurately assess which reagent 

offers the best performance for the lowest cost.

Example



There are cases where a certain parameter is usually unit, such that including it or not would not 

impact the calculations. In those cases, experimenters end up excluding that parameter in the 

formula, resulting in a wrong formula, that might one day result in erroneous calculations.

How is dimensional consistency lost?

In flotation reagent dosage calculations, most reagents have a density of 1. Experimenters end up 

excluding density in the formula, but when, along the way, a new reagent, with a density of, say 1.3, is 

introduced, that change will be systematically ignored leading to erroneous calculations

Example:

Broader Implications Across Industries

Beyond flotation, dimensional analysis is 

fundamental in fields like fluid mechanics 

and thermodynamics, where dimensional 

consistency is crucial for optimal system 

performance.



Though often overlooked, dimensional analysis is an indispensable tool in flotation reagent 

development, helping to validate dosages, scale results, and optimise reagent usage. Its ability 

to ensure dimensional consistency across complex equations safeguards against costly errors 

and inefficiencies, ensuring precision in flotation reagents development. Metallurgists and 

other engineers are therefore urged to employ the tool of dimensional analysis, instead of just 

inheriting equations.

Conclusion


