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APPLICATION SCENARIO: High-Density Al Training Clusters (>100kW/Rack Target) [11, 78]

* Constraint: Chip TDP >700W [9] - Condition: High Transient Power Spikes (di/dt) (49] - Exclusion: Traditional EIA-310 12V / Air-Codled Legacy Infrastructure [11]
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1. Executive Summary & Strategic Context
1.1 The Infrastructure Crisis in the Age of Al
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The proliferation of Large Language Models (LLMs) and Generative Al has precipitated the
most significant physical infrastructure challenge since the dawn of the internet. While
Moore's Law continues to increase transistor density, the breakdown of Dennard Scaling
means that power consumption no longer decreases linearly with process shrinkage. Today,
accelerators like the NVIDIA H100 and upcoming architectures are pushing Thermal Design
Power (TDP) toward 700W and even 1000W per chip.'

In traditional enterprise data centers, rack power density is typically designed for 8kW to
12kW. However, modern Al training clusters are rapidly shifting requirements toward 40kW,
100kW, and even higher per rack." This exponential leap renders the traditional EIA-310
standard rack—reliant on 12V distribution and forced air cooling—obsolete. Physically, air
lacks the specific heat capacity to manage such heat flux; economically, the parasitic power
consumption of fans required to cool these densities destroys Power Usage Effectiveness
(PUE) and Return on Investment (ROI).*

1.2 OCP Open Rack V3: The Hyperscale Solution

The Open Compute Project's Open Rack V3 (ORv3) standard represents a fundamental
rethinking of physical infrastructure. ORv3 is not merely a dimensional standard; it is a
comprehensive ecosystem integrating 48V DC busbar distribution, blind-mate liquid cooling
interfaces, modular power shelves, and advanced energy storage.®

As DCDeepTech, we present this white paper to analyze how utilizing the OCP ORv3
knowledge base allows organizations to build rack systems capable of supporting the next
decade of Al compute. We argue that adopting ORv3 is not just a technical fix for
thermodynamic bottlenecks, but a strategic move to optimize Total Cost of Ownership (TCO)
through peak shaving, recovering stranded capacity, and reducing operational expenditures
(OpEx).8

2. Mechanical Architecture & Spatial Optimization
2.1 From 19-Inch to 21-Inch: Breaking EIA-310 Constraints

The traditional 19-inch rack (EIA-310-D) originated from telecommunications standards and
was not optimized for high-density compute. Its structural limitations result in narrow airflow
paths and congested cable management. OCP ORv3 introduces a 21-inch (approx. 533mm)
internal equipment width while maintaining a 24-inch (600mm) external footprint compatible
with standard data center floor tiles.®

This 2-inch increase yields disproportionate benefits in fluid dynamics and space utilization. It
allows for larger diameter fans side-by-side in the IT gear. According to fan affinity laws,



larger fans can move equivalent air volume at lower RPMs, significantly reducing noise and
power consumption. Crucially, this extra width provides the physical real estate necessary for
liquid cooling manifolds and blind-mate connectors, enabling "Rack-as-Cooling" without
sacrificing compute density.®

2.2 Modular & Blind-Mate Design

A core philosophy of ORv3 is operational simplicity. In legacy racks, replacing a server
involves manually disconnecting power cords, network cables, and optical fibers—a time-
consuming process prone to human error. ORv3 utilizes a cable-free, blind-mate architecture
at the rear.

IT equipment connects directly to the vertical DC busbar and liquid cooling manifolds via
floating blind-mate connectors at the rear of the chassis. This design accommodates
mechanical tolerances (typically £2mm) for self-alignment." This reduces service time from
minutes to seconds and eliminates the "wall of cables" that typically blocks exhaust airflow,
thereby enhancing thermal efficiency.®

3. Power System Architecture: The High-Voltage
Revolution

3.1 The Limits of 48V and the Rise of 800V DC

While OCP ORv3 standardized 48V (nominally 50V-51V) busbars to reduce $I"2R$ losses
compared to 12V systems, the 100kW+ densities of Al clusters are pushing even 48V to its
physical limits. A IMW row of racks would require massive copper busbars if distributed solely
at 48V.

To address this, the OCP "Mount Diablo" project (and related NVIDIA 800VDC initiatives)
introduces a high-voltage DC backbone. This architecture brings 400V or 800V DC directly
to the rack or row, significantly reducing copper usage and conversion stages.

Metric Traditional 12V OCP ORv3 48V OCP Mount Diablo
(800V)
Primary Focus Enterprise IT General Compute / High-Density Al

Storage Training




Current (100kW) ~8,333 A ~2,000 A ~125 A

Copper Efficiency | Low High Ultra-High

3.2 Solid State Transformers (SST): Grid-to-Chip Efficiency

A critical enabler for this high-density power architecture is the Solid State Transformer
(SST). Unlike massive, passive magnetic transformers, SSTs use high-frequency power
electronics (SiC or GaN) to convert Medium Voltage AC (e.g., 13.8kV grid power) directly into
800V DC or 48V DC.

e Disruptive Efficiency: Vendors like DG Matrix and Delta have demonstrated SST
solutions at OCP summits achieving up to 98.5% efficiency. This eliminates the multiple
conversion "hops" (MV->480V->UPS->PDU->PSU) seen in legacy designs.

e Space & Modularity: SSTs are significantly smaller and lighter than traditional dry-type
transformers. They can be integrated into "Power Router" or "Power Sidecar" cabinets
adjacent to the IT racks, freeing up valuable white space for compute.

e Grid Interaction: SSTs provide inherent reactive power compensation and voltage
regulation, stabilizing the microgrid against the erratic load profiles of Al training
clusters.

3.3 Kinetic Energy Storage (Flywheels): Solving the Al Surge

Al workloads, particularly during training and inference, exhibit massive transient power
spikes ($di/dt$). A cluster might jump from idle to 100% load in microseconds. Traditional
chemical batteries (VRLA or Li-ion) degrade rapidly under such frequent, high-current
cycling.

The Case for Flywheels (FESS) in OCP:

¢ Infinite Cycling for Peak Shaving: Flywheels (e.g., Active Power, Vycon) store energy
kinetically in a spinning mass. Unlike chemical batteries, they do not suffer from cycle-
life degradation. This makes them ideal for "Peak Shaving" or "Power Smoothing"—
absorbing the millisecond-level spikes of GPUs without stressing the grid or sizing the
main feed for the absolute peak load.

e Sustainability & Safety: Flywheels contain no hazardous chemicals, pose no thermal
runaway fire risk, and operate efficiently at higher ambient temperatures (up to 40°C),
aligning perfectly with OCP's high-temperature cooling environments. They eliminate the
need for massive air-conditioned battery rooms.

e DC Coupling: In an OCP architecture, flywheels can be DC-coupled directly to the




800V or 48V bus. This provides instantaneous response to bus voltage sags, acting as a
"hard" voltage stabilizer for the sensitive GPUs downstream.

3.4 BBU Integration

While flywheels handle transients and short-term bridging (15s - 2 min), OCP designs often
pair them with smaller Li-ion Battery Backup Units (BBUs) for longer-duration holdover if a

generator start fails. The OCP BBU module sits on the power shelf, providing a final layer of
distributed resilience.

4. Advanced Cooling Systems (ACS): Overcoming
Thermal Limits

4.1 The Necessity of Direct-to-Chip Liquid Cooling

With chip TDPs exceeding 700W, air cooling becomes physically viable only with excessive
noise (>100dB) and vibration. Liquid, having ~4x the specific heat and ~25x the thermal
conductivity of air, is essential. OCP ACS cold plate standards target capturing 70-80% of
heat directly at the source.'

4.2 Blind-Mate Manifold Engineering
The OCP ORv3 Blind Mate Manifold is critical for the "serviceability" of liquid cooling.

e Universal Quick Disconnects (UQD): These connectors must be non-spill/dry-break.
OCP specifications require less than 1ml of fluid loss upon disconnection to prevent
damage to equipment.’

e Flow & Pressure: To cool 100kW, flow rates are significant. Manifold designs use CFD
optimization to ensure flow balancing, avoiding "flow starvation" across the rack.

4.3 CDUs: Sidecar vs. In-Rack

The Coolant Distribution Unit (CDU) isolates the Facility Water System (FWS) from the
Technology Cooling System (TCS).

e In-Rack CDU: Integrated into the rack bottom (e.g., 4U). Good for lower densities
(<80OkW).

e Sidecar CDU: A dedicated narrow cabinet adjacent to the IT rack. For 100kW+ Al racks,
Sidecars are preferred as they offer massive heat exchange capacity (supporting >IMW
clusters) and N+1 pump redundancy.

4.4 Leak Prevention



e Negative Pressure Systems: Technologies like Chilldyne operate the loop under
vacuum. If a line is cut, air is sucked in rather than fluid spraying out. This "fail-safe"
mechanism drastically reduces insurance risk.

5. Software-Defined Infrastructure & Management
5.1 OpenBMC & Redfish Integration

Hardware standardization must be matched by software. OCP mandates OpenBMC firmware
and Redfish APIs for management.

e Unified Telemetry: Components from different vendors (e.g., a Delta power shelf and a
Vertiv CDU) expose standard Redfish schemas. This allows DCIM systems to monitor
CoolantTemp, PumpSpeed, FlywheelRPM, and BatterySoC uniformly.

5.2 Power Capping & Thermal-Aware Scheduling

Projects like Climatik utilize this telemetry to integrate physical constraints into Kubernetes
schedulers. If a rack approaches thermal limits or Flywheel/BBU capacity is low, the scheduler
can throttle non-critical Al jobs (power capping) to ensure stability.

6. Economic Analysis (ROI) & Sustainability
6.1 TCO Analysis: CapEx vs. OpEx

Transitioning to OCP architecture involves higher upfront CapEx for manifolds, CDUs, and
SSTs. However, the ROl is compelling:

1. Energy Efficiency (Lower PUE): Liquid cooling enables higher inlet temperatures
(ASHRAE W4/WS5), eliminating chiller compression energy. SSTs and 800V DC
distribution remove 2-3 conversion steps, gaining ~5-10% in end-to-end efficiency.

2. Space Efficiency: Flywheels take up 50% less space than equivalent lead-acid batteries
and require no replacement for 20 years. SSTs eliminate large facility-side transformers.

3. Performance Stability: Lower junction temperatures prevent GPU throttling, speeding
up Al training jobs—a direct competitive advantage.™

6.2 New Metrics: TUE and WUE

e TUE (Total Usage Effectiveness): Accounts for all losses, including IT fans."
e WUE (Water Usage Effectiveness): Critical for ESG. Closed-loop systems reduce water
consumption compared to evaporative towers.



7. Conclusion & Roadmap

DCDeepTech Recommendation:

Building an Al data center on legacy architecture is a strategic error. The OCP ORv3
ecosystem—augmented by Solid State Transformers and Flywheel Energy Storage—offers
the only proven, non-proprietary path to managing 100kW+ densities.

Implementation Steps:

1.

Pilot: Deploy an ORv3 liquid-cooled island with 800V DC sidecars to validate the "Mount
Diablo" architecture.

Power Conditioning: Integrate DC-coupled flywheels to buffer Al load transients,
protecting the grid and reducing battery wear.

Supply Chain: Leverage OCP's open ecosystem to source compatible components
(SSTs, manifolds) from multiple vendors.

By adopting these standards, enterprises secure not just thermodynamic viability, but a
scalable, economically efficient foundation for the Al era.
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