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Key Innovations 
• 3D monitoring of the temperature distribution in 

datacenters 
• Fusion of CFD and real time measurements 
• Quasi real time CFD 
Practical Implications 
The result of this work provides facility managers with a 
digital twin of the indoor climate in critical rooms or 
areas. A reliable and quasi real time image is created of 
the actual indoor airflow and temperature distribution, 
and the functionality is offered to analyze future cooling 
scenarios. As such, cooling costs can be reduced, and the 
reliability of the cooling system is increased.  
Introduction 
The energy consumption of large datacenters is high, and 
the total energy consumption of the entire datacenter 
market is rising faster than in any other industry (Koomey 
J.G., 2008). Cooling accounts for 25-40% of datacenter 
energy consumption. Competition in the market and CO2 
reduction requirements are drivers in the market to reduce 
energy consumption, but this introduces significant risks 
for datacenter operators. Mainly for colocation 
datacenters, it is crucial to have a maximum uptime of the 
datacenter, and to respect at all times the maximum air 
temperature provided to the customer’s servers as 
specified in the service level agreement (SLA) with the 
customer. As a result, the industry is rather conservative 
to change or optimize cooling in the datacenter room, 
especially without good monitoring tool.  
Therefore, it is important to provide datacenter operators 
with a non-invasive technology to monitor the real time 
3D temperature distribution in the entire datacenter room. 
Furthermore, it is important to be able to estimate the 
effect of possible future scenarios on the temperature 
distribution in the room. These scenarios can involve an 
increase of the heat load in the room, a possible failure of 
one of the cooling units, or a change in the datacenter 
configuration for energy optimization.   
For this project, a consortium was set up by TNO (Dutch 
Institute for Applied Scientific Research) and several 
Dutch SME’s: Vortech, Perf-IT and Actiflow. 
Method 
The developed solution is called 4DCOOL and uses both 
real time temperature measurement data and a 3D CFD 
(Computational Fluid Dynamics) model. 

On the one hand, sensors provide accurate and real time 
data, but only at some discrete locations. On the other 
hand, CFD provides complete 3D flow information, but 
the result largely depends on the input of the model, which 
may differ from reality. Therefore, a fusion of both 
technologies combines the best of both worlds.  
There are well established techniques to do the envisaged 
fusion (Geir Evensen, 2003), which have been common in 
the field of weather prediction for decades but far less 
applied to indoor climate applications. The principle is to 
define how and where the model is uncertain and then use 
a mathematical optimization technique to nudge the 
model towards the data within the limits of the 
uncertainty. With the right approach, the model stays 
physically correct but is much closer to the sensor data. 
Because sensor data is used to enhance the CFD 
computations, the CFD simulation itself can be largely 
accelerated compared to traditional CFD simulations. 
However, there is still a computational effort needed, and 
consequently a short time delay of 5 to 15 minutes is 
present in the monitoring, depending on the datacenter 
dimensions. Nevertheless, the tool can perfectly be used 
to monitor the changes of the airflow and the temperature 
distribution in the room over time. 
Validation 
During the development, the 4DCOOL tool was tested 
through 2 pilot projects in 2 different datacenters in 
Belgium and the Netherlands. A 3D model of one of the 
datacenters is shown in Figure 1.  

 
Figure 1: 3D CAD model of a datacenter 

Based on the 3D CAD model, a 3D CFD model was built. 
During the pilot projects, one set of sensors was used as 
input for the software, and a second set of sensors was 
used to validate the output of the tool. Figure 2 shows the 
difference between the simulated temperatures and the 
measured temperatures in the datacenter, in 3 steps of the 
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fusion process. In step 1 (upper picture), no sensors were 
used to compute the temperature field. Next, the sensor 
data is fed into the CFD simulation model, and as a 
consequence, the CFD temperature field starts adapting 
itself to the actual situation. As such, the temperature 
difference between simulation and measurement slowly 
drops (middle and lower picture).  

 

 

 

 
Figure 2: Evolution of temperature difference between 

simulation model and measurements during fusion 
Finally, in both pilot projects, the fusion method proved 
to work, and the software tool provided a reliable image 
of the temperature distribution in the datacenters.  
An example of the output of the 4DCOOL software for 
the datacenter as shown above, can be seen in Figure 3. In 
this figure, a top view of the temperature distribution is 
shown in the datacenter at 1.2m height. In this picture, it 
can be seen that there are 9 hot isles with an uneven 
distribution of the heat load. No hot spots are present.  
Figure 4 shows a top view of the temperature distribution 
in the same cross section, but now for a ‘what-if’ scenario 
in which 42kW of load is added to hot isle 5 and 7 
(counting from left to right).  In Figure 4, it can be seen 
that the temperatures are increased in the entire room, and 
not only at the locations where heat load is added. 
Furthermore, hot spots are mainly present in hot isle 2, the 

isle with the highest total heat load, where the 
temperatures were already high in the reference situation 
(Figure 3).  

 

 
Figure 3: temperature distribution – reference situation 

 

 
Figure 4: temperature distribution – what-if scenario in 

which 42kW of load is added to isle 5 and 7 
In both pilot projects, the insights from the developed tool 
led to a re-arrangement of the lay-out of the perforated 
tiles and the cooling unit settings, leading to cooling 
energy cost savings of more than 20%. 
Conclusion 
The result of our development project is a validated 
software tool called 4DCOOL that can be coupled to 
existing DCIM (Data Center Infrastructure Management) 
software which provides the user with a quasi-real-time 
image of the temperature distribution in the datacenter 
room. Furthermore, the software has the functionality to 
set up “what-if” scenarios for the operator to assess the 
consequences of (i) expanding or moving of the heat load, 
(ii) adjusting the settings of the cooling units or (iii) re-
arranging the perforated tile configuration in the floor or 
ceiling.   
References 
• Geir Evensen (2003). The Ensemble Kalman Filter: 

theoretical formulation and practical implementation, 
Ocean Dynamics (53): 343-367 

• Koomey J.G. (2008). Worldwide electricity used in 
data centers, stacks.iop.org/ERL/3/034008 

 
 

________________________________________________________________________________________________

________________________________________________________________________________________________ 
Proceedings of the 17th IBPSA Conference 
Bruges, Belgium, Sept. 1-3, 2021

 
3397

 
 

https://doi.org/10.26868/25222708.2021.31135




