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A technical review of the Tesla disc pump explaining how
boundary-layer pumping works, its advantages for slurry
and abrasive fluids, efficiency limits, and where it
outperforms conventional centrifugal pumps.



Tesla Disc Pump Review: Operating Principles, Performance, and Real-World Applications

The Tesla disc pump is not a blade pump, and it was never meant to be. By using viscous shear instead of impellers, it offers unique advantages in dirty, abrasive, and cavitation-limited applications
where conventional pumps fail.

Introduction
The Tesla disc pump, also known as a boundary-layer pump or friction pump, is a niche but highly capable pumping technology originally conceived by Nikola Tesla in the early 20th century. Unlike
centrifugal or positive displacement pumps, the Tesla disc pump transfers energy to a fluid through viscous shear forces acting within thin boundary layers between rotating discs.
While its overall efficiency is lower than modern centrifugal pumps, renewed interest in abrasive handling, slurry transport, and shear-sensitive fluids has brought the Tesla disc pump back into
engineering discussions. This review examines how the pump works, what modern research reveals about its performance, and where it makes practical sense today.

How the Tesla Disc Pump Works
A Tesla disc pump consists of a stack of smooth, closely spaced, parallel discs mounted on a rotating shaft. Fluid enters near the center of the disc stack and is dragged into rotation by viscous
forces along the disc surfaces. As angular momentum increases, the fluid spirals outward radially and exits into a volute or diffuser.
There are no blades, vanes, or abrupt flow direction changes. Momentum transfer occurs entirely through boundary-layer shear, producing a smooth, pulsation-free flow. Because the fluid does not
impact solid surfaces directly, mechanical wear and cavitation tendencies are inherently reduced.

Performance Characteristics
Modern experimental testing and CFD analysis confirm several consistent performance traits:
• Overall hydraulic efficiency typically ranges from 20 to 30 percent
• Internal rotor efficiency can exceed 60 percent under optimal conditions
• Best performance occurs at high rotational speeds and very small disc gaps
• Head and flow are adjusted by changing disc count, spacing, and speed
The largest performance losses do not occur in the disc pack itself, but at the interface between the rotating rotor and the stationary volute. Poor volute geometry can induce flow separation and even
reverse flow back into the rotor, significantly reducing net head and efficiency.

Key Advantages
Despite modest efficiency, Tesla disc pumps offer several compelling engineering advantages:
Solids and Slurry Handling
With no blades or narrow passages, Tesla pumps tolerate sand, silt, fibrous material, and particulate-laden fluids with minimal clogging or erosion.
Low Cavitation Risk
Smooth pressure gradients and low suction requirements make the pump well suited for applications with limited NPSH.
Shear-Sensitive Fluids
The absence of impact forces makes Tesla pumps attractive for emulsions, polymers, biological fluids, and multiphase mixtures.
High-Speed, Compact Designs
The simple rotor geometry supports high rotational speeds and compact form factors, especially in sealed or specialty systems.

Engineering Challenges
The same features that make Tesla pumps unique also limit their adoption:
Lower Peak Efficiency
Even well-designed systems struggle to match centrifugal pump efficiency for clean water applications.
Extreme Sensitivity to Tolerances
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