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Intfroduction

Why CFD Matters in Data Centers

As data centers grow denser with high-performance servers,
cooling demand rises sharply. Managing airflow and maintaining
temperature uniformity become critical to ensure reliability and
energy efficiency.

Without proper airflow management, uneven temperature distribution
can cause hotspots, energy waste, and equipment stress. That’s where
Computational Fluid Dynamics (CFD) plays a crucial role.

CFD allows engineers to visualize and predict airflow before
implementation. ldentifying inefficiencies, optimizing cooling layouts,
and ensuring stable operating conditions.

By simulating the invisible flow of air, CFD provides data-driven
insights that support:

* Predictive analysis — foresee thermal issues before they occur

* Cost savings — reduce fan power and improve energy efficiency

e Sustainability — enable greener, more efficient data center
operations

CFD is more than simulation — it’s insight before investment.
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Create a reliable digital of the data hall: build the room geometry, rack layouts, perforated
tiles, containment, cooling units and major obstructions. Define inputs and boundary
conditions, IT loads per rack, supply temperatures, fan curves, and leakage paths.

Goal: Ensure all geometry and input data are accurate before running the simulation.
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Simulation

NORMAL OPERATION

I N . All cooling units active under standard
load to verify stable airflow and uniform
temperature distribution.

[0 To confirm cooling performance
meets design expectations during
normal data center operation.

One or more cooling units switched off
to simulate breakdown or maintenance
conditions.

[0 To evaluate system redundancy
and ensure temperature
remains within safe limits during

TN U UL O T O N i — partial cooling loss.

Run CFD scenarios for both normal operation and targeted contingency conditions, such as
cooling unit failure, N+1 redundancy configurations, and variable IT load distributions.
Evaluate how these operating modes affect airflow direction, pressure distribution, and
cooling coverage within the data hall.

Goal: Assess system resilience and ensure the cooling design can maintain sufficient airflow
and temperature control even during failure or load variation conditions.
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Chapter 4:
Result Analysis

Identifying Issues — Applying Fixes — Achieving Stability

Inlet Temperature

15-18 18-27 27-32

normal operating range for servers),
indicating insufficient airflow and
recirculation. Sustained high inlet
temperatures can cause thermal stress,
shorten equipment lifespan, and increase
the risk of service downtime.

- After Improvement

Improved airflow distribution brings all
rack inlets back within the recommended
temperature range. Enhanced
containment and supply balance reduce
hotspots, protect equipment health, and
ensure stable, energy-efficient operation.

Visualize airflow, temperature, and pressure patterns from the simulation outputs. Assess
inlet/outlet temperatures, velocity fields, recirculation zones, and hotspots to determine
overall cooling effectiveness.

Goal: Present clear, data-driven insights and recommendations that ensure compliance,
optimize thermal performance, and guide improvements before implementation
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Conclusmn

CFD is a powerful tool that transforms data center cooling from
reactive to predictive.

By simulating airflow, temperature, and pressure distribution, CFD
helps engineers identify risks early, optimize cooling strategies,
validate designs, and support energy-efficient operations.

With accurate modeling and clear analysis, CFD ensures safer, more
reliable, and more sustainable data center environments — long
before physical implementation begins.

For future projects, CFD remains an essential step to enhance

performance, reduce energy cost, and maintain operatlonal
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