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Detailed Explanation

Dimensionless numbers arise from dimensional analysis—maost rigorously via the Buckingham Pi
theorem—which states that any physically meaningful equation involving n variables and k independent
dimensions can be reformulated into (n?k) dimensionless Pi terms. Each number represents a balance
between fundamental forces or transport mechanisms: for example, the Reynolds number (Re)
compares inertial to viscous stresses, while the Prandtl number (Pr) relates momentum diffusivity
(kinematic viscosity) to thermal diffusivity. Because they are invariant under changes in scale or system
of units, dimensionless numbers permit geometric, kinematic, and dynamic similarity—enabling
laboratory-scale experiments to predict full-scale behavior (e.g., wind tunnel testing of aircraft). In



practice, critical thresholds of these numbers define flow regimes (e.g., Re < 2300 ? laminar pipe flow;
Re > 4000 ? turbulent), govern stability criteria (e.g., Rayleigh number for convection onset), and anchor
empirical correlations for friction factor, Nusselt number, and Sherwood number. Their derivation
explicitly verifies dimensional homogeneity: each term in the numerator and denominator must
collectively reduce to identical Sl base-unit exponents—ensuring cancellation to dimensionless unity.

Key Components

1 Physical property ratios
2 Characteristic scales (length, velocity, temperature)
3 Buckingham Pi theorem foundation
Applications
Application
1 Scaling of fluid flow systems (e.g., pump, turbine, pipeline design)
2 Heat exchanger performance prediction and correlation development
3 Chemical reactor mixing efficiency and mass transfer rate estimation

Related Concepts

1 Buckingham Pi theorem

2 Dynamic similarity

3 Transport analogies (heat-mass-momentum)
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