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Abstract

Thermal management and airflow control are central to the performance of modern
buildings and data centers. Increasing system complexity, driven by architectural
constraints and high-density heat loads, requires high-fidelity simulation to accurately
predict flow behavior. This article presents the application of Ansys CFD solutions,
particularly Ansys Fluent fluid simulation software, for analyzing and optimizing airflow

and thermal performance in these environments.

1. Introduction

The performance of ventilation and cooling systems in buildings and data centers
depends on complex interactions between fluid flow, heat transfer, and geometry. In urban
environments, airflow around buildings is influenced by surrounding structures and
atmospheric conditions. Internally, HVAC systems must deliver consistent thermal

conditions while maintaining energy efficiency.

In data centers, the challenge is more localized but significantly more intense. High-
density server configurations generate concentrated heat loads, making airflow

distribution a critical factor in maintaining operational reliability.

These coupled physical effects are difficult to resolve using simplified methods. As a result,
simulation-based approaches are increasingly adopted to provide a more accurate

representation of system behavior.
2. Simulation Framework with Ansys Fluent

Fluent provides a general-purpose CFD platform capable of modeling turbulent flow, heat

transfer, and multiphysics interactions within a unified environment. The simulation



process typically begins with geometry preparation using tools such as Ansys SpaceClaim
3D computer-aided design (CAD) modeling software, followed by mesh generation and

definition of boundary conditions.

The solver then computes the governing conservation equations for mass, momentum,
and energy. Post-processing tools enable visualization of velocity fields, temperature

distribution, and derived quantities such as heat flux or comfort indices.

The availability of parallel CPU and GPU solvers allows efficient simulation of large

domains, including full-scale building surroundings or data center facilities .
3. Building Airflow and Thermal Analysis
3.1 External Flow Behavior

Simulation of airflow around buildings provides insight into how wind interacts with
complex geometries. Instead of assuming uniform flow, CFD captures separation,

recirculation, and vortex formation caused by building shape and orientation.

Air flow velocity contour around building structures.



Temperature profile of HVAC units on high-rise building.

This type of analysis supports design decisions related to facade layout, ventilation
openings, and pedestrian-level wind conditions. By evaluating multiple wind directions,
engineers can ensure that performance remains consistent under varying environmental

conditions.
3.2 Indoor Airflow and Thermal Comfort

Indoor simulations focus on how conditioned air is distributed within occupied spaces.

Rather than relying on averaged conditions, CFD resolves spatial variations in airflow

velocity and temperature.
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Airflow streamlines on indoor space.
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Temperature contour and thermal comfort analysis on indoor space.

This enables evaluation of thermal comfort using established indices such as PMV and
PPD, which depend on local airflow, temperature, and humidity conditions. The ability
to assess these parameters within the simulation domain allows more precise control over

indoor environmental quality.
4. Data Center Thermal Management

4.1 Airflow and Heat Transfer Modeling

In data centers, CFD models represent server racks as distributed heat sources and
cooling infrastructure as flow boundary conditions. The interaction between forced
convection from cooling systems and buoyancy-driven flow from heat sources is resolved

simultaneously.

This approach provides a detailed view of how air moves through the facility and how

effectively heat is removed from critical components.
4.2 Cooling Performance and Hotspot Identification

A primary objective in data center design is to maintain acceptable inlet temperatures at
server racks while minimizing energy consumption. CFD enables identification of airflow

inefficiencies such as recirculation or bypass flow, which can lead to localized overheating.



Airflow streamlines and temperature contour ensures effective cooling configuration

and avoid hotspot region.

By adjusting layout configurations or airflow supply conditions within the simulation,

engineers can improve cooling uniformity and reduce thermal risk before implementation.
4.3 Large-Scale Simulation Capability

With support for high-performance computing, Fluent enables full-scale simulation of
large data centers. This eliminates the need for excessive simplifications and allows

evaluation of system behavior under realistic operating conditions.

Temperature distribution in large data center facilities.



5. Design Optimization and Engineering Insight

CFD supports iterative design by allowing multiple configurations to be evaluated under
consistent conditions. Instead of relying on conservative assumptions, engineers can
directly compare performance metrics such as temperature distribution and airflow

effectiveness.

This leads to more informed decisions regarding system layout, cooling strategies, and
energy efficiency. When integrated with optimization tools, simulation results can further

guide automated design improvements.
6. Conclusion

Ansys CFD solutions provide a robust framework for analyzing thermal and airflow
performance in buildings and data centers. By resolving detailed flow and heat transfer
behavior, they enable engineers to identify inefficiencies, validate design decisions, and

optimize system performance early in the development process.

As system requirements continue to evolve, simulation-driven design is becoming an
essential component of engineering workflows, particularly in applications where

performance margins are tight and reliability is critical.
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