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Motivation
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Data Center Heat Flow

Models Data Center 
Thermodynamics

Reveals areas 
where equipment is 

overheating or 
underutilizing 

cooling resources

Optimize data 
center cabinet and 
server placement,  

Prevent hot-spot-
related server 

Increase equipment 
longevity.

A fast thermal 
analysis can enable 
control, which will 
enable real-time 

control to 
significantly lower 
carbon footprint.



Challenges of Traditional CFD and Possibilities 
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 High computational complexity 

 Not scalable for real-time applications

 Fast ML surrogates make real-time 
control possible

 ML surrogate can scale to very large 
data centers

What is the Challenge?

Generated by ML Surrogate for CFD



3D CNN Surrogate: Input Configuration
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Channel #1: Heat/Power Channel #2: Fan Speed Channel #3: HVAC Set Point

Server 
Locations CRAC & 

Air Vents
CRAC & 

Air Vents

3D CNN Surrogate of CFD

Power: volume-normalized power

ACU Set Point: Encodes the normalized ACU temperature

ACU Fan Speed: Volume-normalized fan

3D Input Data: 3D Output Data:
3D Heat Map



3D CNN Surrogate: Output Generation
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Data Center Configuration



Sustainability Advantage
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Model Accuracy and Genetic Algorithm of the Surrogate Model
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• Goal: Optimal workload distribution  Reduce Temperature Hotspots
• Genetic Algorithm Optimizer
• Objective Function : Trained surrogate model
• Reducing hotspots by approximately 7.70% within 25 iterations . 
• 99% reduction in optimization time



Evaluation of Speed and Accuracy of the 3D CNN Surrogate Model
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2D slices of  3D CNN Surrogate Model Output
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Impact of CFD Surrogates for Data Centers on Sustainability 
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Applying our optimized workload configurations derived from 3D CNN and the genetic algorithm, we 
got:

• significant improvement in sustainability and energy efficiency

• with an optimal workload distribution, the HVAC cooling energy consumption rates drops,

translating to cost savings and a notable carbon footprint reduction. 

• the enhanced temperature regulation may lead to prolonged equipment lifespans and reduced e-

waste and manufacturing carbon footprint, emphasizing the holistic benefits of our approach. 

• the dual benefits of financial savings and environmental impact through optimized configurations

• as a future work, an expanded CFD surrogate will enable thermal analysis of large data centers
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