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Abstract
The “Salón de la Villa” is the space created after covering the courtyard in the “Palacio de
Telecomunicaciones” in Madrid with a light glass structure of 2.600 m2 with an approximate
height of 24 m, which allows for the hosting of events with a big number of attendees.
From an HVAC point of view, the “Salón de la Villa” is a very complex space due to its
height, meaning strong temperature stratification effects and the greenhouse effect caused
by the enormous glass ceiling.
To compensate these negative effects when on a cooling regime, a split system is designed,
using low speed air diffusion and an underfloor heating system, used as underfloor cooling
during the summer. The aim is thus to take advantage of the stratification effects in order to
provide comfort to the lower part of the courtyard, resulting in strong energy savings.
Computational fluid dynamics models allow for a more efficient decision making and the
optimization of the project. In this case, the software used is FDS 5.0. by NIST that, although
specialized in fire scenarios, provides satisfactory results for thermal fluxes at low speed.
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1. Introduction
February 2005, the firm Arquimática, headed by the architect Francisco Rodríguez de
Partearroyo, won the idea competition for the refurbishment of the Palacio de
Telecomunicaciones, situated in Madrid’s Plaza de Cibeles. This building, also known as
Palacio de Correos, designed by architects Palacios and Otamendi, is currently being
transformed to become Madrid’s Town Hall.
This refurbishment results in spectacular new spaces such as the Salón de la Villa, an
enormous glass-covered courtyard that will host receptions, concerts and any other activities
with high attendance levels.
The space has a height of over twenty metres, with the glass ceiling under the effect of direct
sunlight and the possibility of fast variations of internal loads. In addition, it is necessary to
guarantee adequate comfort conditions in the courtyard, optimizing energy usage where
possible. In consequence, the Salón de la Villa’s HVAC design is extremely complex.
Figure 1: Palacio de Telecomunicaciones, Madrid

The engineering firm GEASYT designed the HVAC systems for the courtyard, using a split
system with low speed air diffusion and an underfloor heating system, used as underfloor
cooling during the summer
Basically, the design focuses on guaranteeing comfort conditions in the lower or occupied
part of the courtyard, benefiting from stratification when in cooling regime. An underfloor
water system takes care of heating. In addition, it is intended that this underfloor system will
absorb an important percentage of the solar radiation that reaches the floor of the courtyard.
Necessary ventilation will be provided by the low speed air diffusion system.
Summer 2008, after long meetings on the issue, it became imperious to reach a final
decision on the type of glass to be used for the courtyard’s ceiling. There were doubts on
whether the solar factor of the glass specified in the initial project was enough to guarantee
comfort conditions for occupants in the shade as well as those under direct sunlight. Plus,
maximum luminosity and transparency were intended.

Given these uncertainties, GEASYT offered to perform several fluid-dynamics simulations in
order to evaluate the working conditions of the HVAC design with the glass properties as
specified in the initial project, in various circumstances and extreme conditions.
These simulations have been an efficient tool that has enabled decision making with tangible
data of comfort conditions for many scenarios, providing temperature, air speed and
stratification for several control points in the courtyard.
Furthermore, it is now possible to compare that the HVAC design and the simulation results
are in tune with the working conditions of the real system which has been already installed
and is currently working as expected.

2. Methodology
The following sections present a detailed description of the courtyard’s properties, it’s uses,
the HVAC design, working regimes, the simulation software used for the evaluation of
different scenarios and the outcome of these simulations.
Figure 2: Salón de la Villa of the Palacio de Telecomunicaciones, Madrid.

2.1 Description of the Salón de la Villa
The Salón de la Villa is the space under the new glass-covered courtyard in the Palacio de
Telecomunicaciones in Madrid, with an approximate area of 2.600 m2. The ceiling has
openings, designed in order to enable smoke evacuation in case of a fire, that are remotely
controlled for ventilation purposes. Across the perimeter of the ceiling there is a lineal grille
open permanently for ventilation, specially designed for rainy situations.
Motorized glass grilles have been situated in both of the courtyard’s main accesses, Alcalá
and Montalbán –situated in opposite sides of the courtyard-, in order to enable free cooling
thanks to remote controlled activation.
The area of the patio is 2.396 m2 and the average height of the glass ceiling is 25 m.

2.2 Uses of the Salón de la Villa
There are several possible situations regarding uses in the Patio de la Villa:
EVENTS WITH HIGH OCCUPANCY
Given it is a very representative space located inside the Palacio, many different events may
take place in the courtyard: congresses, institutional events, banquets, exhibits, concerts…
The duration of these events may be variable, and occupancy is not necessary gradual. The
internal load due to the presence of people may vary between a couple hundred and up to
exceptional cases of around 2.000 people.
In order to cover the HVAC demands for these events, a very high level of comfort is
required, based on high ventilation fluxes, flexibility and adaptability of temperatures, low air
speed, control of asymmetric irradiation –specially the one produced by direct sunlight- and
low noise levels.
FREQUENT USE
On a daily basis, the Salón de la Villa is used as a hall that communicates the surrounding
spaces. It is important to note that it is the main access to the Town Hall’s main assembly
hall.
Evidently these conditions do not require such high standards of comfort in comparison to
event-hosting and thus an energy-saving working regime is proposed.
2.3 HVAC Design
From an HVAC point of view, the Salón de la Villa is an extremely complex space due to it’s
height, resulting in high temperature stratification effects, as well as the greenhouse effect
due to the glass ceiling, in addition to the fast variation of internal loads –lighting and
occupancy-.
In order to provide comfort conditions in all scenarios, a mixed system is designed, using a
split system with low speed air diffusion and an underfloor heating system, used as
underfloor cooling during the summer.
The objective of this system is to concentrate HVAC efforts in the lower area of the space,
resulting in strong energy savings in comparison to other alternatives that involve heating
and cooling the whole courtyard.
A 1.800 m2 underfloor heating system has been designed, which is the best heating
alternative for tall spaces due to the fact that it concentrates heating efforts in the first two
metres. The advantages of this system include cleanliness, comfort, low noise levels and low
energy consumption.
The floor’s temperatures are limited to lower than 28 ºC in heating regime and higher than 18
ºC in cooling regime; in any case, these temperatures are limited to the dew point for any
given temperature to avoid condensation.
Necessary ventilation is provided by a low speed air diffusion system through 24 benchdiffusers, with an air flow rate of 4.500 m3/h per bench, situated along the perimeter of the
courtyard.
The design of these bench-diffusers, that also include lighting and some of the elements
associated with underfloor heating, is intended to provide both technical functionality and
aesthetic beauty, given that they are very particular elements situated in such an emblematic
space.

Figure 4: Bench-diffuser for low speed air supply

Air exhaustion is performed through 16 benches, similar to those used for air supply, and that
also include lighting and underfloor heating elements (such as angle air vents, pressure
gauges, cutoff valves, etc.). Each exhaustion bench has an air flow of 4.500 m3/h.
The air system is composed by three Air Handling Units (AHUs) with an air flow of 36.000
m3/h each, situated in the third basement, that provide a treated air flow of 108.000 m3/h to
a supply plenum that is directly connected to the bench-diffusers through a constant air flow
vent and a silencer.
Air exhaustion is performed by only two of the AHUs, returning thus 72.000 m3/h to a
exhaust plenum, connected to the 16 exhaust benches through a silencer.
The third AHU works under a outside-air-only regime, providing 36.000 m3/h of ventilation.
Due to the fact that this air flow is not returned, the courtyard is over pressurized and thus
the remaining air flow is exhausted through the grilles along the perimeter of the ceiling and
the ventilation openings in the ceiling.
Supply air temperatures are controlled by thermostats in the return plenum and are limited to
temperatures over 19 ºC in cooling regime and ambient temperature plus 2 ºC in heating
regimes, given that with higher temperatures the heat gain due to the creation of plumes over
the diffusers would be lost.

Figure 5: HVAC design diagram.

Even though it does not appear in the Figure 5, there is an additional AHU that will only be
used in extreme situations, for example for extremely high occupancy levels with strong solar
radiation at the same time. In this case, the motorized grilles activate and provide the
necessary ventilation. This AHU has not been contemplated in the simulations because it is
considered it will only be functioning in counted occasions.
Regarding flexibility and adaptability of the system to the particular demands in each
moment, it is guaranteed by the use of various systems: underfloor heating and cooling, low
speed air diffusion and free cooling.
2.4 Simulation software
The modelling and simulation is divided in three differentiated phases. The following software
has been used:

•

Modelling module: where the courtyard’s geometry is introduced, as well as physical
properties of surfaces, contour conditions, air flow supply and exhaustion and its
location, outside and supply air temperatures, internal loads…
In addition, control loops for air supply temperatures are included, in order to enable
air supply flows and temperatures to be controlled by thermostats placed in the
courtyard (for example: temperature in the exhaust plenum).
In this module, thermostats, flow meters and air speed meters are situated throughout
the courtyard to monitor their outputs during the simulation.

•

Simulation module: consists of a fluid dynamics calculation module that solves
numerically a form of the Navier-Stokes equations appropriate for low-speed. The
software used is FDS 5.0 by NIST (National Institute for Standards and Technology,
U.S.A.). It considers the given space is divided into a number of cells in which the
air’s properties are analysed: density, speed in all three axes, temperature, heat
transfer, mass transfer…
Higher resolution means lower cell dimensions and thus greater calculation times. For
big spaces such as the one simulated for this project, each simulation takes several
days to run.
Figure 6: Model in FDS 5.0. of the Salón de la Villa

•

Visualization module: enables the output data to be represented in a user-friendly
interface. The user may move the point of view in real time and view slices to follow
monitor variables through time with an easy-to-understand color écheme. There is
also the possibility of obtaining graphs for a more meticulous analysis of said
variables.

2.5 Simulated scenarios
The following scenarios were simulated and analysed:

•

SIMULATION 1 – SUMMER WITHOUT INTERNAL LOAD

A model of the courtyard is designed, with its geometry and material properties of walls
and partitions, including the glass ceiling with its appropriate properties. Air supply is
simulated through the low speed air diffusers and supply temperature is controlled
through the average exhaustion air temperature.
•

SIMULATION 2 – SUMMER WITH INTERNAL LOADS
In comparison to simulation 1, this scenario includes internal loads in the courtyard
(1.000 people) and supply temperatures are adjusted to provide better comfort
conditions.
Figure 7: Loads and air transport diagram

•

SIMULATION 3 – SUMMER WITH SHADE
Compared to simulation 2, in this occasion the negative effect of shades over the patio is
analysed. This adverse effect is caused by the fact that people situated in the area of the
courtyard affected by direct sunlight reduce the amount of heat absorbed by the
underfloor cooling system. In consequence, the total load inside the courtyard is greater
and thus reaching comfort conditions becomes more demanding.
As a result of this, the model for this scenario includes loads due to direct sunlight on
people inside the patio for the worst possible scenario. The remaining loads and shaded
areas are readjusted for the new date.

•

SIMULATIONS 4.1 AND 4.2 – WINTER, WITH AND WITHOUT SUNLIGHT
Two independent simulations are performed: in first place, a simulation for a winter
scenario without direct sunlight is run and the output data of this first simulation is used
as input for a second simulation, where sunlight is introduced.

2.6 Results
The results obtained for simulation 3 are the most interesting, given that people absorb solar
radiation and keep the underfloor heating system from working to its maximum potential. The
analysis of the simulation’s output data provides the following conclusions:
•

Average temperatures range from 22,5 ºC up to 24,3 ºC which is a reasonable range,
given that a ±1,5 ºC variation over the design temperature of 24 ºC proves an
unsatisfaction index of under 10%.

•

The average temperature gradients between 0,1 m and 1,1 m range from 0,16 ºC and
1,31 ºC, never surpassing 1,86 ºC; which proves an unsatisfaction index of under 5%.
Figure 8: Results in cooling regime

Regarding winter scenarios, the following conclusions can be made concerning simulation
4.1:
Con respecto a las simulaciones realizadas en invierno, del análisis de los resultados sin
cargas por soleamiento, se pueden obtener las siguientes conclusiones:
•

Average temperatures in the occupied area of the courtyard vary between 21,8 and 22,9
ºC, which is a reasonable range, given that a ±1 ºC variation over the design temperature
of 22 ºC proves an unsatisfaction index of under 6%.

•

The average temperature gradients between 0,1m and 1,1m range from -0,32 ºC to -0,03
ºC ºC, never surpassing 0,6 ºC; which proves an unsatisfaction index of under 2%.

•

The ground temperature at the floor’s surface is fixed at 26 ºC, which is in the 19-29 ºC
range, proving an unsatisfaction index of under 10%.

Y, también en la simulación en invierno, el resumen de los resultados obtenidos, pero con
carga con soleamiento:
•

Average temperatures in the occupied area of the courtyard vary between 21,3 and 23,4
ºC, which is a reasonable range, given that a ±2 ºC variation over the design temperature
of 22 ºC proves an unsatisfaction index of under 10%.

•

The average temperature gradients between 0,1m and 1,1m range from -0,23 ºC to 0,14
ºC, never surpassing 0,82 ºC; which proves an unsatisfaction index of under 2%.

•

The ground temperature at the floor’s surface is around 25,5 ºC throughout the
simulation, which is in the 19-29 ºC range, proving an unsatisfaction index of under 10%.
Figure 9: Results in heating regime

3. Conclusions
The use of fluid-dynamics simulation software results in more efficient approaches regarding
complex HVAC systems. Feedback on temperatures, stratification, air speed, etc. that would
only be available through much more expensive processes is achievable at reasonable
costs.
In this case, and especially regarding scenarios with direct sunlight, the temperature
stratification effect is clearly observed for heights ranging from 10 to 20 m, where
temperatures over 25 ºC are reached. This is consistent with the advantages of the HVAC
design for this project, due to the fact that energy consumption is focused in the occupied
area of the courtyard, wasting less energy on higher areas in comparison to other
alternatives that provide HVAC to the whole space.
It is important to note that only two thirds of the air supplied is returned at floor level, that is
72.000 m3/h of the total air flow, 108.000 m3/h. The rest flows through the ventilation
openings in the ceiling. The upwards movement effect is of 4 minutes/metre.
Comfort conditions are achieved in all of the analysed scenarios, given that an unsatisfaction
index of under 15% is considered successful (category C of the CR 1752 report).
Another important parameter, air speed, is lower than 0,2 m/s in all of the control points, and
is therefore also considered a success in providing comfort conditions.
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