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Abstract

Z-Distiller is a geometry-driven, membrane-free, and power-
minimal water separation system intended to operate as a
final-stage or survivability-layer within broader water
treatment infrastructures. It is not designed to compete with
primary desalination technologies (e.g., RO, MED) on cost-per-
liter or peak efficiency. Instead, it formalizes a physically
minimal pathway by which saline or contaminated water can
still be separated into distilled water and solid salt under
conditions where conventional systems fail to meet their
operational assumptions.

The system relies exclusively on fundamental physical
processes—thin-film evaporation, gravity-driven solid
separation, buoyancy-driven vapor transport, and passive
staged condensation—without membranes, forced circulation, or
continuous electrical demand. Zero Liquid Discharge (ZLD) 1is
achieved through dry salt crystallization and removal.

1. Context

Modern water systems increasingly depend on tightly
constrained assumptions: stable electricity, controlled
feedwater quality, membrane integrity, chemical availability,
and permissible liquid brine discharge. These assumptions hold
under normal operation but degrade rapidly under stress
conditions such as infrastructure instability, extreme
salinity, environmental regulation tightening, or logistical
disruption.

Z-Distiller is positioned explicitly at this failure boundary.
It does not seek to optimize normal operation, but to preserve
physical separability of water when upstream systems reach
their limits.



2. Framing Assumptions

The Z-Distiller design intentionally restricts its assumptions:

Solar or waste heat availability is intermittent but
present.

Gravity is available; precision control is not.
Vapor density differences remain exploitable.

Mechanical simplicity is prioritized over thermodynamic
optimality.

Notably absent assumptions include:
Stable grid electricity
Membrane cleanliness or replacement
Continuous liquid discharge pathways

High-precision heat exchanger tolerances

3. Design Philosophy

The system is deliberately halted at the point where
additional efficiency would require active control, tight
tolerances, membranes, or forced circulation. This trade-off
favors survivability, inspectability, and longevity over peak
efficiency metrics.

Z-Distiller is therefore a primitive, not a product: a minimal
configuration that preserves function under degraded
conditions.

4. Core Physical Operating Principles

4.1 Thermal Boundary Penetration

A metallic evaporation plate physically penetrates the system
boundary. Its external surface is exposed directly to
concentrated solar radiation or waste heat, while its internal
surface interfaces with saline water. This configuration
eliminates internal heaters and bulk boiling volumes.



4.2 Thin-Film Evaporation

Feedwater is introduced as a gravity-driven thin film across
the inclined internal plate surface. Bulk liquid accumulation
is avoided, reducing fouling and scaling risks.

4.3 Solid-Vapor Phase Bifurcation

As evaporation proceeds, dissolved salts crystallize and

detach mechanically, falling downward under gravity. Water
vapor, by contrast, rises naturally due to density differences.
No active phase separation mechanisms are employed.

4.4 Dry ZLD Salt Removal

Crystallized salt is collected and discharged through a sealed
dry path. No liquid brine stream exists within the system.

5. Geometry-Based Staged Vapor
Recovery

Rather than implementing classical multi-effect distillation
loops, Z-Distiller employs geometric staging:

Eco-cooler step plates (3-5 stages): Concave plates with
1 cm chevron ("/") protrusions intercept early hot, wet
vapor, inducing partial condensation. Condensate 1is
collected via integrated micro-gutters and routed to
storage.

Fish-fin condenser plates (2-3 stages): Upper plates
tilted ~30° incorporate dense internal fins for vapor
contact and external protruding fins with large embossed
geometry (~5 cm) to reject heat to ambient air via
natural convection.

This approach increases water recovery without creating closed
thermodynamic loops or requiring active heat transfer control.



6. Performance Envelope
Based on physical reasoning and comparable passive systems:

® Practical GOR: ~2-4
® Optimistic upper bound: ~5-6

Attempts to exceed this range would necessitate added
complexity inconsistent with the system's design philosophy.

7. Comparison With Existing Systems

Z-Distiller does not replace primary desalination systems. It
occupies a distinct role:

® RO: Z-Distiller serves as a terminal ZLD and survivability
layer for extreme brine.

® Electrical distillers: Lower operational risk and near-zero
OPEX, at higher initial cost.

® MED/MVC: Lower efficiency, but vastly reduced mechanical
and control complexity.

8. Intended Use Cases

RO backend brine termination and emergency fallback

Semiconductor fabrication facilities requiring ultra-
reliable distilled water

Remote or island installations with fragile logistics

Disaster recovery and infrastructure resilience scenarios

9. Limitations and Non-Goals

Z-Distiller explicitly does not aim to:
® Minimize cost per liter under normal operation
® Replace RO or large-scale MED plants

® Operate as a consumer-facing product

Its value lies in persistence, not optimization.



10. Status and Next Steps

This document constitutes a conceptual disclosure.
Visualization, prototyping, or integration efforts may proceed
independently and are not prerequisites for technical validity
or IP discussion.

Closing Statement

Z-Distiller does not present a cheaper way to make water. It
formalizes a pathway by which water separation remains
physically possible when primary systems no longer satisfy
their assumptions.
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