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Abstract – This paper studies the high density data 

centre with 266.4 m2 area, and it focuses on defining 
the heat profile of the centre, as well as on the airflow 
in the centre. To this purpose, the necessary 
measurements in the data centre have been taken, and 
a detailed model in the computational fluid dynamics 
program package PHOENICS has been elaborated. 
The model simulations yielded the fields of 
temperature, velocity and pressure throughout the 
center, as well as the complete image of the airflow in 
the center.The results helped to detect the weak points 
and to draw conclusions regarding upgrading the 
defined working conditions in the data-com equipment. 
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1. Introduction 
 

Data centers supply the majority of financial and 
industrial corporations with computer services. The 
trends in the industry show a constant increase of the 
data centre number, as well as high concentration of 
the financial and internet business operations within 
the larger data centers having an area much bigger 
then, 5000 m2. Nowadays typical centers have a 
power from 540W/m2up to 2160 W/m2, but there are 
centers with power higher then 10,000 W/m2, Beaty 
[1]. According to the aforementioned, a centre with 
an area of 10,000 m2 and power of 1080 W/m2 
should have an energy requirement for the operation 
of the computers within it amounting to 10 MW. If 
one adds 7 MW electric energy which are necessary 
for the operation of the air-conditioning systems, as 
well as for the continuous supply with energy (UPS) 
and for other intermittent loads, which are alltogether 
necessary for supporting of the primary 10 MW 
operational electric energy of the data-com 
equipment, the necessity of saving energy is self-
evident, Kurkjian [2]. Resulting from this insight, 
when building new centers or reconstructing the 
existing ones,following requirements impose 
themselves: a tendency and a need to save energy 
and to increase energy efficiency, thus exceeding the 
energy efficiency standards [3] without reducing the 
operational safety of the data-com equipment in the 
centre or incurring further operational risk. 

Data centers have strictly regulated air parameters 
(temperature, relative moisture and dew point). These 

centers work mostly 24 hours a day, seven days a 
week, throughout the year, and each standstill results 
in a discontinuity of operation and huge expenses. 
The heat dissipation from the data-com equipment in 
the centers is high, not uniformly distributed and 
variable. The increased compactness of the computer 
equipment, as well as the increased industrial 
demand for information technology, have brought 
about the situation when more additional data-com 
equipment is placed within an ever smaller space, 
thereby making it harder to attain the required 
operational conditions for the data-com equipment. 
The above said infers that the air-conditioning of 
these centers represents a major challenge. 

The objective of this paper is to investigate and 
define the parameters impacting the energy 
efficiency of data centers, particularly emphasizing 
the impact of the airflow. Subject of present review 
were several factors which influence the air 
distribution and hence the maintenance of the 
prescribed environmental parameters for the 
premises where the data-com equipment is located. 
The good management of cold air supply to the data-
com equipment is the key factor for attaining and up-
keeping of the required design conditions enabling an 
uninterrupted operation 24 hours a day. 

The last few decades have witnessed the 
development of a numerous methods to predict the 
airflow in air-conditioned rooms ([4] and [5]). The 
emergence and development of various 
computational fluid dynamics (CFD) computer 
programs have increased their use when designing, as 
well as when investigating. This paper employs CFD 
technique by using the program package PHOENICS 
- Parabolic Hyperbolic or Eliptic Numerical 
Integration Code Series. Besides theoretical 
researches also experimental ones have been 
employed, using classic methods for measurements 
and well-defined procedures [6]as well as 
sophisticated measuring instruments. 

The basic aim of the paper is obtaining relevant 
data on the impact of the airflow and other various 
air parameters, as well as the impact of the air supply 
mode in the data centre. The impact of the space 
geometry of the premises where the data-com 
equipment is placed, the layout of the data-com 
equipment and various additional factors upon the 
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energy efficiency of the data center have also been 
taken into consideration. A detailed and extensive 
analysis of the all the factors bearing upon the 
airflow in the center has been carried out, and 
allowed obtaining an improved and more energy 
efficient data center. 

 
2. Data Centre Features 
 

A data centre with an area of 18×14.8 m2 and a 
non uniform heat densitywere subject of 
investigation. The average heat load relative to the 
centre area amounts to 1816W/m2. The centre has 
areas with higher and lower heat density than the 
average ones. For this reason the centre is 
particularly interesting for analysis. The height of the 
room is 3.5 m the height of the raised floor is 0.4 m, 
and the height from raised floor to ceiling of 3.1 m. 

 

 
Figure 1. Data-com equipment layout 

 

 
Figure 2. Perforated tiles layout in the data centre 

 



TEM Journal, vol. 3, no.3, pp. 235-243, 2014 

                                                                                   237 

The racks arrangement is designed according to the 
recommended layout "hot/cold" aisles, with 
aislewidth of 1.2 m, Fig.1.All the tiled area of the 
floor amounts to 0.6 m×0.6 m. The perforated floor 
tiles are placed in the cold aisles, Fig.2. The racks 
have various performances, and heat dissipation from 
6 kW to 19 kW. The airflow through the rack is front 
towards back side, where the cold air enters through 
the front side and comes out through the back side. 
The size of the rack is: 1.9 m height, 0.8 m width and 
1.2 m length. The total heat dissipation from the rack 
in the centre runs up to 480.5 kW. The electric 
lightning comes from 33 fluorescent bulbs, each with 
power of 101W. The neighboring rooms are also air-
conditioned, and there are no additional heat loads. 

For the purpose of air-conditioning, there are 
installed computer room air-conditioning units with 
airflow of 112,000 m3/h (4×28,000 m3/h). The 
supply of the cold air with temperature 13°C is done 
through the raised floor and perforated tiles into the 
centre. The letting out of the air from the room and 
bringing it up to the air- conditioning equipment is 
done via outlet openings, placed near the ceiling. 

3. Measurements of Temperature and Airflow in 
the Data Centre 

 
The measurements of the airflow through the 

perforated tiles are done using anemometer for each 
tile respectively, thereby achieving quick assessment 
of the airflow through the entire data centre. The 
measured levels of airflow for each perforated tile are 
shown in Fig.3. The displaying of the airflow through 
the perforated tiles matches the sequence and 
designation on Fig.2. The total airflow through the 
perforated tiles into the centre amounts to 105,180 
m3/h. The raised floor perimeter is well enclosed 
allowing only slight escaping of air through the 
perimeter of the floor. Since the measurements 
cannot include the airflow between the tiles due to 
their not ideal adherence, the typical air leakage of 
16.8 (m3/h)/m2 per [7] was taken into consideration, 
meaning that per centre area of 266.4 m2 it amounts 
to 4476 m3/h. Thus, the total cold airflow through the 
centre is 109,660 m3/h calculated by adding the cold 
airflow through the perforated tiles to the airflow 
leaking between the perforated tiles (small cracks 
through which the air leaks). 

 

 

 

Figure 3. Airflow through the perforated tiles into data centre 
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Figure 4. Temperature rise to inlet of rack 

 

The difference between the designed airflow 
through the air-conditioning equipment and the 
measured airflow in the data centre is due to the 
undesirable airflow, i.e. air leakage along the raised 
floor perimeter and through the cable openings. 

Temperatures were measured for the supply air 
flowing from the perforated tiles, the air inlets into 
the rack at a height of 1750 mm and 50 mm in front 
of the covers, and the return air to the air-
conditioning units, per [8]. The temperature 
differences between the raised-floor supply air and 
the air entering the racks are shown in Fig.4. The 
temperature columns in Fig.4 match the location and 
numeration in Fig.1. The air temperatures at the 
inlets to the rack are within the recommended limits, 
with more considerable temperature rise at the inlets 
to some rack numerated 1, 2, 3, 4, 12, 13, 28, 30, 34, 
35 and 36. Measuring temperatures of the air flowing 
to the air- conditioning equipment is complicated due 
to the various coupling junctions. Therefore data 
registered by the air conditioning unit- sensors were 
used. For control a comparison was made between 
data from the sensors with data from the thermometer 
measurements. The difference in temperatures 
between the both measurements is slight. 

4. Data Centre Simulation 
 

After defining the rack layout, the heat dissipation 
distribution, the layout of perforated tiles, the cold 
airflow temperature through the perforated tiles, a 
numerical model for the data centre was created. The 
modeling of data centre segments such as rack, 
perforated tiles, air inlets and outlets, raised floor, room 
and other segments, was done based upon the real 
situation in the existing data centre. For simulation of 
the centre, Cartesian 3D grid with range equal to the 
investigated centre was used. The dimensions of the 
uniform computational grid are 180×148×39 cell, in 
x, y and z directions respectively. To simulate the 
airflow through the data centre, threeturbulence models 
were used: Standard ε−k , RNG ε−k and Chen-Kim

ε−k  aiming to compare the obtained results from the 
simulations with the measurements taken in the 
investigated centre. The simulations have yielded the 
fields of temperature, velocity and pressure in the data 
centre, thus obtaining a complete image of the airflow 
and its parameters, not restricted only to the 
measurements points. Figure 5 shows the temperature 
field in section parallel to xOz plane, 50 mm in front of 
the racks in the first cold aisle, obtained by simulation 
applying thestandard ε−k  turbulence model.
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Figure 5. Temperature field section in the data centre parallel to xOz plane, 50 mm in front of the racks; 
y=2.35 m ( first cold aisle , standard ε−k model) 

 

 

Figure 6. Velocity distribution in data centre in section parallel to xOz plane (standard ε−k model) 

 
The airflow in the centre can be best viewed by 
representing the velocity fieldin Fig.6. 

The obtained results help to easily analyze the 
airflow in each part of the centre, as well as in the racks 
and its proximity, through the perforated tiles and 
through the exhaust openings. It can be seen that if an 
inadequate cold airflow through the perforated tiles 
exists, the rack fans tend to suck in air through the 
front side coming from the direction with least 
resistance, meaning from the space on the sides and 
above the racks. Since the largest part of this air comes 
from the hot aisle, its temperatures being high and thus 
not adequately cooling the equipment. 

The obtained results from the simulations of all 
three implemented models, shown a rather good 
matching to the measurements taken in the centre, 
thus the results obtained by standard ε−k  model 
show deviations lesser then 6%. 

 
4.1 Analysis of the obtained results  

 
The results obtained from the simulations of the 

model confirm the measurements taken in the data 
centre and give a complete picture of the air flow and 
its parameters in each point of the centre. The 
analysis of the temperature field allows getting 
insight into the complete situation of the centre, to 
locate the high temperature points, the air 

temperature rise at the inlet to the racks, the air 
temperature at the racks outlet, the air temperature in 
the hot and cold aisles. Analyzing the obtained 
results, an improvement of the operational conditions 
of the racks can be achieved. 

Despite variable airflow through the perforated 
tiles, the air temperatures at the inlets to the racks are 
within the recommended boundaries of class 1, [8]. 
The average air temperature rise at the inlets to the 
racks with a heat dissipation of 6.5kW, amounts to 
6.7 K. The air temperature rise marked with the 
numbers 13, 28, 34, 35 and 36, is due to inadequate 
placed perforated tiles, i.e. to the shortage of supplied 
cold air, and to the recirculation of hot air; whilst for 
the number 30 it is due to its location at the end of 
the aisle and in the proximity of the exhaust openings 
for the hot air. The air temperature rise results from 
the hot air diffusion from the hot aisle towards the 
cold aisle, which is especially noticeable with the 
racks placed higher. The cold airflow through the 
racks is just a portion of the total airflow through the 
equipment. The rest stems from the air in the room 
consisting of hot and cold air currents, and also from 
the recirculation of the hot air coming out the back 
side of the equipment and onto the inlets. The air 
temperature rise at the inlets to the racks is marked 
by 1, 2, 3 and 4, and it is owing partly to the adequate 
cold airflow and partly to the big density of 
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equipment and heat dissipation in this part of the 
centre. 

A portion of the cold air does not flow through the 
racks, instead it mixes with the return hot air from 
the equipment thus significantly reducing the 
temperature of the return air flowing towards the 
exhaust openings. The part of the centre with highest 
heat dissipation of 18 kW (the hot aisle formed by 
racks 1 to 9 and 13 to 17) shows air temperatures in 
the hot aisle spanning from 26°C at the outlet of the 
most racks up to 31.1°C at the outlet marked with 1 
in Fig.1. The temperature field helped to obtain the 
temperatures of the outlet hot air in the rest of the hot 
aisles and at certain "hot" spots. The maximum hot 
air temperatures at the outlets from the racks shows 
following values:with rack 13 is 29.4°C, with rack 22 
is 26.1°C, rack 36 is 26.6°C, rack 13 is 29.4°C and 
rack 38 is 31.1°C, see Fig.1. 

Although the air temperatures at the inlets to the 
racks are within the recommended boundaries, the 
eventual different distributions and greater number of 
perforated tiles will lead to more uniform and 
efficient cooling, as well as to reduction of air 
temperature rise at the inlets. The increased airflow 
in the cold aisles is helpful in such case, but it also 
increases the energy consumption. Hence, the first 
attempt would be to displace the perforated tiles. 
Secondly, the pressure field analysis indicates that 
racks with higher heat dissipation are not placed at 
spots where the biggest static pressure of the air in 
the raised floor would be expected, and thus enable 
maximum cooling. A different equipment 
arrangement would allow maintaining better working 
conditions in the racks. 

The forthcoming CFD analyses will additionally 
test the impact of the following rearrangements: 
altering the raised floor height, changing the hot/cold 
aisles width, changing of the ceiling height (changing 
the space volume between equipment and ceiling), 
placing of screens to separate the hot from cold 
aisles, lowering the ceiling to separate the hot air. 

The air velocity analysis will indicate the optimum 
velocity of the airflow, that is, the optimum cooling 
of the racks. Choosing adequate airflow velocities 
through the perforated tiles is particularly important, 
since an air with high velocity would simply run 
through the cold aisle without fulfilling its primary 
task, whilst too low velocity would not be able to 
press the hot air towards the ceiling, i.e. the exhaust 
openings. The velocity field indicated that the aisles 
width is small related to the velocities, especially in 
aisles not completely occupied by racks. It can lead 
to hot air freely flowing through the missing racks 
towards the cold aisle, and conversely to cold 
airflowing towards hot aisle without previously 
flowing through the racks. If there are no screens, 

recirculation or bypass occurs thereby reducing the 
cooling efficiency. 

The airflow models show insufficient separation of 
supplied cold air and return hot air. A high grade 
separation of return hot air is necessary to obtain 
relatively uniform and predictable air temperatures at 
the inlets to the racks. A physical barrier separating 
the hot from cold air is necessary in order to achieve 
maximum separation. Either screening of the cold 
aisles, the hot aisles, or the racks as well, would 
allow physical separations and upgrading of the 
cooling. These options and their impact upon the 
airflow in data centre could be investigated using the 
CFD technique. 

 
 

5. Using CFD Analysis to Upgrade the Data 
Centre with non Uniform Heat Density 

 
5.1  A centre with new arrangement and increased 

number of perforated tiles  
 
The analysis of the perforated tiles layout helped to 

indicate the weak points, Fig.2. In order to 
investigate the impact of the perforated tiles upon the 
airflow and the air temperature, suitable 
improvements were introduced which are included in 
the new model of data centre. The new centre is with 
altered layout and number of perforated tiles, at the 
same time preserving the equal cold airflow from the 
air-conditioning equipment as with the real centre. 
The way to create the model, that is its components, 
is identical with the former centre. For the simulation 
of the centre, a Cartesian 3D grid size 180×  148 ×
41cell in x, y, z direction matching the scope of the 
investigated centre, was used. In order to simulate the 
airflow in the data centre, a standard ε−k  
turbulence model has been applied. The simulations 
yielded the fields of temperature, velocity and 
pressure in the data centre. The analysis of the 
temperature field allowed achieving a more uniform 
distribution of the temperatures in the centre, a lesser 
air temperature rise at the inlets to the racks, thereby 
to upgrade the cooling of the racks. 

Hence it was possible to conclude that the new 
arrangement of the perforated tiles, offers a more 
suitable solution for cooling of the rack, as well as 
helping to save energy, since the air temperatures at 
the inlets to the racks are lower than the 
recommended ones. The analysis of the airflow, that 
is of the current paths of the hot and cold air and the 
recirculation circles, was carried out via the velocity 
fields, thus pinpointing a hot air recirculation towards 
the inlets to the racks. 
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Figure 7. Temperature field section in the data centre parallel to yOz plane (standard ε−k model) 

 
5.2 A centre with new arrangement of the racks   

depending on their heat dissipation 
 
If the heat dissipation of each rack and Fig.1 are 

analyzed, it is conspicuous that the rack with the 
highest heat dissipation had been placed in the first 
aisle. For this centre, it is the area with high heat 
density which ought to be cooled. Most often, the 
cooling system has been dimensioned to respond to an 
average heat density W/m2, therefore it occurs that 
some areas receive inadequate cooling. The 
temperatures in the investigated centre are within the 
allowed limits, but in the area with the highest heat 
density there are at the upper recommended limit. 
Therefore in the following simulation a displacement 
of the racks with high heat dissipation to other areas in 
the centre has been implemented in order to afford an 
adequate and more uniform cooling throughout the 
centre. Thus the racks with high heat dissipation were 
placed in areas where the highest static pressure in the 
raised floor has been expected, and vice versa. 

For the simulation of the centre, a Cartesian 3D 
grid 180×148×39 cells in x, y, z direction matching 
the scope of the investigated centre was used. To 
simulate the airflow through the data centre, a 
standard ε−k  turbulence model has been used. The 
undertaken dislocation of the racks with high heat 
dissipation throughout the entire centre helped 
avoiding areas with high heat density and emerging 
of hot spots and oversized cooling systems. The 
temperatures at the inlet and outlet to the racks in 
section parallel to the yOz plane are demonstrated in 
Fig.7. 

It is noticeable that the more uniform distribution 
of the heat density in the centre and the air 
temperature rise at the inlet to the racks, are lesser or 
there are no areas whose temperatures are 
considerably higher than the rest. The air temperature 
levels at the inlet and outlet of the racks enable 
further upgrading of the centre via increment of the 
cold air temperature supplied by the air-conditioning 
equipment. 

 

5.3 Putting barriers in the cols aisles 
 
The impact of the physical barriers upon the 

airflow was explored via the following data centre 
model. The creation of the centre elements was done 
in a manner already described in the former centers. 
The height of the barriers in cold aisles is 2.9 m 
measured from the surface of the raised floor. In 
spots where racks are missing, barriers have been 
placed in order to prevent undesirable airflow. For 
simulation of the centre, a Cartesian 3D grid 180×
148×39 cells in x, y, zdirections matching the 
scope of the investigated centre and employing 
standard ε−k  turbulence model was used. The 
analysis of the fields of temperature and velocity has 
helped to determine that the placed barriers 
considerably reduce the hot airflow towards the cold 
aisles, however it still exists in the upper parts of the 
barriers. The air temperatures at the inlet to the racks 
and their rise calculated from the bottom to the top of 
the racks show lesser levels from 2 K to 3 K in 
relation to the former data centre model. However, 
there is still a significant air temperature rise at the 
inlet to the racks due to the flowing of the hot air 
towards the cold aisles in the upper parts of the racks 
and at the edges of the barriers. 

In order to determine the optimum height of the 
barriers in this case, another two options have been 
investigated in the following models. The simulation 
results from the data centre model in which the 
screening of the cold aisles with barriers reaching the 
ceiling, indicate that it is the true model to prevent the 
flowing of the hot air towards the cold aisles. The air 
temperatures at the inlet to the racks throughout the 
centre do not exceed 22°C, in Fig.8, being 3K below 
the recommended limit. This situation allows further 
analyses in order to establish how much the 
suppliedconditioned air temperature should be in 
order to save energy, and yet to achieve optimum 
cooling of the racks. 
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Figure 8. Temperature distribution in section of the centre parallel to xOz plane, y =7.15m by means of 
screening cold aisles with barriers reaching the ceiling, (standard ε−k model) 

 

 

Figure 9. Temperature distribution in section of the centre parallel to xOz plane, y =13 m by means of 
screening cold aisles with barriers reaching the ceiling, (standard ε−k model) 

The analysis of the last model allows the 
conclusion that there is a margin to increase the 
conditioned air temperature, and it has been explored 
in the following models. The next CFD model adopts 
possibility of the conditioned air being supplied with 
temperature of 15°C. The temperature field enables 
to see that the air temperatures at the inlet to the 
racks do not exceed 25°C, meaning that they are 
within the recommended limits, Fig.9. 

The next model adopts a temperature of 16°C of 
the supplied conditioned air. In this case the air 
temperatures at the inlet to the racks are slightly 
higher than the recommended ones in some racks of 
the second cold aisle; their level reaching 25.8°C. 

 
 

6. Conclusion 
 
The taken measurements, as well as the 

simulations of the model of the real centre, enabled 
to pinpoint its weak spots, that is the parameters 
which negatively impact the upgrading of the 
working conditions in the racks. The modeling aims 
to create an optimum data centre by targeting 
recommended working conditions, as well as in view 

of energy savings, thereby achieving an efficient and 
reliable data centre.  

The analyses of the models done so far, suggest 
which changes are needed and feasible in the centre 
in order to make it most functional, that is to achieve 
the recommended working conditions in the racks 
and also to save energy.  
1. The adequate arrangement of the perforated tiles in 
the cold aisles affords an optimal cold airflow toward 
the racks, and their suitable cooling. 
2. Rearranging racks with high heat density leads to 
more uniform heat loads and avoids oversize of air-
conditioning system occasioned by existence of an 
area with high heat density.  
3. Screening the cold aisles minimizes recycling of 
the hot exhaust air toward the cold aisles, leading to 
lower and more uniform air temperature at the inlet 
to the racks.  
4. Following the implemented changes, the analysis 
shows that the cold air temperature may be higher for 
2 K, that is, can be supplied at temperature of 15°C. 
The higher temperature of the supplied air enables 
further savings and increases the energy efficiency 
with the rest of the mechanical system. The energy 
consumption is reduced in the chillers and the free 
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cooling effect is increased. The centre operation per 
24 hours a day seven days a week, results in thrice 
increased working hours compared to other 
commercial buildings, and allowing considerable 
energy savings. 

The created data centre model has been evaluated 
in comparison with the results obtained from the 
model simulations and the taken measurements in the 
data centre. 

In order to render the existing centre optimal, 
models have been created and changes have been 
introduced which can easily be implemented in the 
existing centre. For the impact of other factors upon 
the airflow and the optimal cooling of the centre to 
be investigated, CFD offers feasible changes which 
could be introduced in case of larger reconstructions 
in the centre. 
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