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Harnessing Water Vortex Dynamics and Anomaly Points for Innovative Applications

Water’s unusual properties—its “anomaly points” —give it behaviors that can be harnessed in surprising ways. When combined with a spinning vortex of water, these anomalies open new possibilities
for industrial processes, environmental systems, and energy efficiency.

A vortex in water creates strong centripetal forces, variable pressure zones, and localized temperature gradients. Understanding how these interact with known anomaly points such as density
maximum at 4°C, supercooling behavior, and compressibility changes can guide novel engineering solutions.

Potential Applications

1. Desalination and Salt Separation

A vortex naturally sorts particles by density. In seawater, salt ions and suspended solids are denser than pure water molecules. While standard centrifugal separation cannot remove dissolved salts
effectively under normal conditions, the combination of high rotational speeds and selective phase changes—such as freezing at specific temperatures—could facilitate partial desalination. For
example, by inducing supercooling within the vortex and selectively freezing pure water ice, salt can be excluded from the ice structure and then separated.

2. Cooling Applications

Water’s density maximum at 4°C can be used to stabilize thermal stratification within a vortex chamber. By controlling flow speeds and external cooling, colder water can be concentrated in specific
regions, allowing for energy-efficient cooling loops. This could be useful in industrial processes, data center thermal management, or cold storage applications.

3. Heating Applications

Vortex motion can cause localized compression zones, where water temperature rises due to pressure. Combined with knowledge of boiling point shifts under pressure, vortex-based heating systems
could preheat water efficiently before entering a heat exchanger or steam generator.

4. Filtration and Sediment Removal

Even without relying on anomaly points, a spinning vortex is a proven method for separating suspended solids from water. By combining vortex filtration with controlled temperature points, it may be
possible to increase separation efficiency for certain organic or inorganic materials.

5. Concentration of Dissolved Gases

The compressibility minima and speed of sound maximum in water at specific temperatures can influence dissolved gas behavior. This could be leveraged in oxygenation systems for aquaculture or in
degassing processes for industrial water systems.

Challenges and Considerations
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Vortex Speeds

Here is a practical, engineering-level estimate of what vortex speeds can and cannot do. | will assume a solid-body
(forced) vortex in a cylindrical chamber of radius $r$ and use the centrifugal pressure field

$$

\Delta P \approx \tfrac12 \rho \\omega”2 r/2
\quad\Rightarrow\quad
\text{RPM}=\frac{60}{2\pi}\sqgrt{\frac{2\,\Delta P}{\rho\,r{2}}}
$$

with $\rho\approx1000\ \text{kg m}*{-3}$ for water.

Key targets and the RPM they imply

Numbers are order-of-magnitude, shown for chamber radii $r=0.10\ \text{m}$ and $0.05\ \text{m}$.
| Goal | Needed pressure/condition | RPM @ r=0.10 m | RPM @ r=0.05 m | Feasibility notes |

Onset of cavitation / strong degassing at room temp (drop core pressure near water vapor pressure, need \~0.1 MPa
differential) | $\Delta P \sim 0.10\ \text{MPa}$ | \~1,350 | \~2,700 | Achievable. Useful for degassing, micro-aeration,
flotation, and stripping dissolved gases. Expect erosion/noise; use robust materials. |

| Raise boiling point noticeably before a heater (e.g., 100—121 °C needs \~0.1 MPa more) | $\Delta P \sim 0.10\ \text
{MPa}$ | \~1,350 | \~2,700 | Achievable. This is pre-pressurization, not heating; actual heating still needs an external
source. |

| 1 MPa pressurization for compact heat-exchanger loops | $\Delta P \sim 1\ \text{MPa}$ | \~4,300 | \~8,600 |
Technically feasible with careful rotor design, seals, bearings, and NPSH control. |

| Shift freezing point by 1 K via pressure (water’s slope near 0 °C = -7.4x10®% K Pa™) | $\Delta P \sim 13\ \text{MPa}$ |
\~15,400 | \~30,800 | Very high speeds and stresses. Not a practical route to freeze-point control. |

| Direct ionic salt separation by “centrifuging” ions | Would require enormous effective g and long residence | Not
practical | Not practical | Dissolved ions do not sediment meaningfully; use membranes, distillation, RO, or freeze
desalination instead. |

What applications a vortex can realistically support

Degassing / Gas control: The \~1-3 krpm regime (r = 5-10 cm) can drop core pressure enough to cavitate and strip
dissolved gases efficiently. Pair the chamber with gas capture and a separator.

Hybrid freeze desalination: A vortex alone will not freeze fresh water out of brine. However, it can aid a refrigeration-
based or vacuum-flash system by (a) enhancing mixing and heat transfer, (b) separating formed ice crystals from brine
by density and residence time. The actual freezing still comes from refrigeration or pressure-flash, not from RPM.
Thermal management: Centrifugal pressurization (1 MPa class at \~4-9 krpm for r = 5-10 cm) can pre-pressurize
loops, slightly raise the boiling point, and suppress localized boiling, improving heat-exchanger stability. Net fluid
heating from viscous dissipation exists but is generally a loss, not a feature.

Solids separation: Vortex chambers and hydrocyclones are excellent for suspended solids, not dissolved salts.
Onesasg in the same low-to-mid krpm equivalent g-range or use tangential jets without a rotor.
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freeze-point control. |
| Direct ionic salt separation by “centrifuging” ions | Would require enormous effective g and long residence | Not practical | Not practical | Dissolved ions do not sediment meaningfully; use
membranes, distillation, RO, or freeze desalination instead. |

What applications a vortex can realistically support

Degassing / Gas control: The \~1-3 krpm regime (r = 5-10 cm) can drop core pressure enough to cavitate and strip dissolved gases efficiently. Pair the chamber with gas capture and a separator.
Hybrid freeze desalination: A vortex alone will not freeze fresh water out of brine. However, it can aid a refrigeration-based or vacuum-flash system by (a) enhancing mixing and heat transfer, (b)
separating formed ice crystals from brine by density and residence time. The actual freezing still comes from refrigeration or pressure-flash, not from RPM.

Thermal management: Centrifugal pressurization (1 MPa class at \~4-9 krpm for r = 5-10 cm) can pre-pressurize loops, slightly raise the boiling point, and suppress localized boiling, improving heat-
exchanger stability. Net fluid heating from viscous dissipation exists but is generally a loss, not a feature.

Solids separation: Vortex chambers and hydrocyclones are excellent for suspended solids, not dissolved salts. Operate in the same low-to-mid krpm equivalent g-range or use tangential jets without
a rotor.

Bottom line
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Anomaly Points

Combined reference with both the anomaly points and the vortex pressure/temperature targets converted into °C and °F, so you can cross-check the physics with practical RPM limits.

Water Anomaly Points

Description | °C | °F |

Freezing point | 0 | 32 |
Density maximum | 4 | 39.2 |

Minimum viscosity | \~30 | 86 |
Compressibility minima | \~46 | 114.8 |
Speed of sound maximum | \~74 | 165.2 |
Boiling point (1 atm) [ 100 | 212 |

Critical point | 374 | 705.2 |

Triple point | 0.01 | 32.018 |

Supercooling limit (approx.) | -38 | -36.4 |

Vortex Targets for Cooling/Heating

(for small vortex chamber radii r = 0.10 m and r = 0.05 m, water at \~20 °C / 68 °F)

| Target AP | Approx. AT (°C / °F) | RPM @ r=0.10 m | RPM @ r=0.05 m | Notes |
| | : : 2

| 0.10 MPa | \~0.0018 °C /\~0.0032 °F | \~1,350 | \~2,700 | Enough to induce cavitation and degassing |

| 1 MPa |\~0.018 °C /\~0.032 °F | \~4,300 | \~8,600 | Minor boiling-point shift, negligible heating/cooling |
| 10 MPa | \~0.18 °C /\~0.324 °F | \~13,600 | \~27,000 | High mechanical stress |

| 55 MPa (\~1 K) | 1 °C /1.8 °F | \~31,900 | \~63,800 | Generally impractical for water systems |

Key Takeaways
Most anomaly points occur in @ moderate temperature range (0-100 °C / 32-212 °F), except for the extreme critical and supercooling points.

Practical RPMs (<10,000) produce pressure changes in the 0.1-1 MPa range, giving cooling/heating effects of only thousandths of a degree — far too small to replace a chiller.
For meaningful temperature shifts, the vortex must work alongside another process (e.g., refrigeration, heat exchange, or phase-change desalination) rather than act as the main cooling source.
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