LESTY TECH ENGINEERING SPECIAL DOSSIER // VERIFIED ARCHITECTURAL TELEMETRY

Two-Phase Direct-to-Chip Evaporative Cooling for
1,000W Al Silicon

Thermodynamic Analysis of Latent Vaporization vs Sensible Liquid Convection in Data Centers

Published by Lesty Tech High-Performance Thermal Lab | Date: October 19, 2026 | Reference: LESTY-ENG-2026-B5

1. The 1,000-Watt Die Heat Flux Impasse

Next-generation Al accelerators (such as Nvidia Blackwell Ultra B200/B300 and AMD Instinct MI350/MI1400) concentrate
thermal design power (TDP) exceeding 1,000 Watts across package footprints under 1,000 mm2. This produces local
heat fluxes exceeding 120 W/cm2—surpassing the surface thermal density of nuclear reactor fuel rods. Conventional
single-phase water cold plates rely strictly on sensible heat absorption ($\Delta Q = m \cdot c_p \cdot \Delta T$), requiring
punishing water flow rates exceeding 2.5 L/min per GPU, leading to severe pumping parasitic losses, high system
pressure, and pipe erosion.

2. The Physics of Two-Phase Evaporative Heat Transfer

Thermodynamic Superiority: Two-phase direct-to-chip cooling leverages the latent heat of vaporization ($h_{fg}$) of specialized
dielectric fluids (hydrofluoroethers / Fluorinert). Boiling dielectric liquid directly within microscopic silicon microchannels absorbs
over 200 kilojoules per kilogram of fluid at a perfectly constant saturation temperature. The phase change maintains silicon
junction temperatures at a rock-solid 50-55°C regardless of dynamic 800W Al tensor core load spikes.

3. Sub-Atmospheric Thermosiphon System Architecture

Modern two-phase systems operate in closed sub-atmospheric loops (0.4 to 0.7 bar absolute pressure), lowering
dielectric fluid boiling points to ~45°C. Vapor naturally expands and rises through low-pressure vapor risers to overhead
liquid-to-air condensers without requiring high-pressure mechanical pumps at the chip interface. This eliminates water
contamination hazards, electrical short-circuit risks, and reduces data center cooling power overhead (PUE) from 1.35 to
1.04.

ARCHITECTURAL BENCHMARK & PARAMETER TELEMETRY

Primary Heat Mechanism Sensible Heat (Liquid Delta Sensible Convection (Liquid) Latent Heat of Vaporization (h_fg)
m
Maximum Heat Flux Limit 85 W/cm?2 45 W/cm? > 180 W/cmz (Zero burnout
margin)
Operating Fluid Pressure 4.5 — 6.0 bar (High burst Atmospheric (Open tank) 0.5 — 0.8 bar (Sub-atmospheric

risk) vacuum)




Die Junction Temp (1000W) 78°C — 86°C (Dynamic 72°C - 79°C 51°C — 54°C (Isothermal
throttling) stabilization)

Cooling Facility PUE 1.18-1.25 1.12-1.15 1.03-1.05
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