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1.1 Advantages of the pre-installation of air Condi tioning 

Construction and characteristics of the current society, make the foresight in project for a 
future installation of air conditioning in any type of building, mostly in households, avoids the 
appearance of condensing units in terraces and Windows, which aside from being unsightly, 
are often banned in the municipal regulations.  

The pre-installations of air conditioning are more common in residential buildings, since the 
other uses tend to have a forecast of climate control in design phase. A pre-installation of air 
conditioning, allows greater upcoming adaptation of the installation and a forecast of passive 
systems of air conditioning (how can it be a good insulation). The cost of this pre-installation 
is quite small when compared to a post installation work. This is because the economic cost 
of the materials of the pre-installation represents a small part of the total cost of the 
installation and avoid subsequent works that represent a high economic cost.  

The most common pre-installation type is a network of conduits of air distribution and a 
space for the installation of an air conditioning unit. 

Among the different types of centralized facilities, the air distribution ducts are the only ones 
that provide adequate air renewal values to obtain the necessary indoor air quality without 
the need for an additional ventilation installation. 

We must remember that refrigeration is, in general, a higher energy consumption in heating, 
which in turn, makes it necessary that the efficiency of the installation is maximum. To 
achieve this, proper insulation of the building and of the air distribution ducts are essential.  
 

1.2  Basic concepts of air conditioning  

1.2.1 Air 

The air is a colorless, tasteless and odorless, a mixture of various gases. 

It is divided into two major groups: the dry air and the air moist. This has the property of 
being a conveyor that can bring cold, heat, smoke, steam, dirt, dust, odors and also sound. 

It is possible to adapt in different ways: 

• Cooling it. 

• Heating it. 

• Removing it moisture. 

• By adding moisture to dry. 

• Compressing it. 

1.2.2 Temperature   

The temperature scale is used to measure the intensity of heat, it can also be defined as the 
degree of heat sensitive than it has a body as compared to another. 

The most commonly used measurement scales are Celsius and Fahrenheit. 



      Aire condicionat 
 
4 

In the first, the value 0°C corresponds to the freezing point of water and 100°C corresponds 
to the boiling point (depending on the atmospheric pressure, given that in higher altitudes, 
decreases, as it needs less temperature for entering a boil). The second scale, the freezing 
point corresponds to 32 ° F and the boiling at 212 ° f. 

1.2.3 Humidity  

The air contains a certain proportion of humidity, which comes from the evaporation from 
different sites, mainly from the large masses of water from the land, people, animals or 
vegetables. 

The proportion of water vapor will be higher or lower depending on the geographic location, 
weather conditions and season of the year. 

1.2.4 Absolute and relative Humidity  

It is called absolute humidity in the amount of water vapor (usually measured in grams) per 
unit of volume of air (measured in cubic meters).  

On the other hand, the relative humidity is the drive that contains a mass of air in relation to 
the maximum absolute humidity that can admit without produce condensation while 
maintaining the same conditions of temperature and atmospheric pressure. 

1.2.5 Air movement  

In the air conditioning systems is a core distribution and effective movement of the air. The 
movement will depend on the amount of air that circulates and its direction, so depending on 
how you perform, influence the sense of comfort of users, so that if there is a slow 
movement, will cause a feeling of closure, while if there is an excessive speed will produce a 
feeling upset.  

Its units are m/s (meter/second). 

1.2.6 Purity and pollution of the air  

The purity or quality of the air is controlled by the removal of contaminated particles, dust, 
germs and undesirable odors by means of filters and other air purifiers. A proper 
maintenance of these filters is very important as it directly affects the health of users. 

1.2.7 Noise levels  

The noise in a facility must be controlled to achieve the appropriate levels for human comfort, 
as it is one of the basic points in control, causing discomfort and physiological disorders. 

The choice of the appropriate equipment according to the needs of the premises is one of the 
most important points that you need to solve the technician in charge of the project.  

1.2.8 Pressure  

The pressure is the force per unit of surface (measured usually in bars "bar" or pascals "Pa"). 
In systems of air conditioning, this is measured with gauges, which measure the difference 
between the total pressure of the fluid contained in a container and the atmospheric 
pressure. 
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In a cooling circuit, the coolant is subjected to pressure changes, a part of the circuit 
(between the compressor discharge and the entrance to the expansion device) is under high 
pressure, while that between the start of the expansion device and the entrance to the 
compressor is at low pressure. You must control with safety valves, which does not reach a 
certain value of maximum pressure, which could cause breakage of the circuit. 

1.2.9 Convection  

Convection is one of the three ways to transmit heat in a natural way. To be able to use this 
process within an enclosed space, it is necessary to perform a forced convection, soaking up 
the hot air, filter it and introduce it to the heated space, but at a lower temperature.  

1.2.10 Evaporation  

The evaporation is a process by means of which, a substance in liquid state goes on to 
State. 

The air conditioning, the refrigerant evaporates, the process you need to absorb a lot of heat 
for its transformation, which takes up the atmosphere. 

1.2.11 Radiation  

The radiation is a process by means of which heat is transmitted from a heat source (Sun, 
fire, etc.) to an object through electromagnetic radiation. The principle is based on what the 
heat is transmitted from a hot surface to another. Is an independent process of convection, 
which does not need air movement to make the transfer of heat or is affected by the 
temperature of the air.  

2    ASPECTS TO CONSIDER FOR THE AIR CONDITIONING  

2.1 Transfer of heat  

2.1.1 Thermal transmission coefficient (U)  

Is defined as the amount of heat that is transmitted in a unit of time through the surface of a 
constructive element of a certain thickness, when the temperature between air masses that 
are on both sides of the element is of a degree. That is to say, it is the amount of heat lost 
per square meter, therefore, as lower is this value, the better the insulating capacity of the 
item. 

2.1.2 Coefficient of thermal resistance (r)  

The thermal resistance of a material is the ability that this one has to oppose the flow of heat. 
Therefore, the higher this value, it will be more insulation. 

2.1.3 Shadow Coefficient (CO)  

Is the index that measures the ability to filter the heat produced by the direct rays of the Sun 
through a glass surface. The higher this value, the lower will be the effectiveness of the 
system, since the amount of radiation in the interior will be greater and therefore, will 
increase the temperature.  



      Aire condicionat 
 
6 

2.2 Physical Characteristics of the architectural space  in air-conditioning  

2.2.1 Use and function of the space  

It is very important to carry out a strict study of the components of the space to be heated, as 
for example the plans and architectural detail, the location of the land, etc. 

There are several types of air conditioning with which you can air-condition a space, 
therefore, the designer will need to define the system that best suits according to the uses 
and functions of the premises. 

2.2.2 The building's Orientation and location of the spac e air conditioner  

The orientation of the building is one of the most important aspects to be taken into account 
when designing a system of air conditioning, because that issue alone will vary and will 
cause significant temperature changes according to this. Therefore, the solar effect has been 
included in the calculations of thermal loads. 

2.2.3 Volume of the space  

In order to achieve a proper functioning of the system, it is necessary to calculate the volume 
of air that needs to be heated. If you do not perform this calculation, the system will not work 
in an efficient way, because if the capacity of the air is very small and the volume of air to 
cover very large, has not achieved the desired comfort and air unit will work in excess, or 
vice versa. 

In order to make a correct choice of the equipment to be used, it must take into account the 
following considerations: 

• Number of users of the space condition. 

• The thermal insulation which helps reduce cooling. 

• Measurements of the space condition. 

• Sources of heat which increases the temperature within the space. 

2.2.4 Materials  

Many materials can help reduce the transmission of heat and therefore, to save energy. 

Examples of materials and systems that provide thermal insulation: 

• The glass low emissivity or low solar factor. Are examples of this type of glass 
Windows with air Chamber, which reduce the heat transmission to the interior. 

• Structural systems with insulating materials, as for example the cellular concrete.  

• Enclosures with air Chamber and thermal insulation, as for example the fiber glass or 
rock wool and those they can use at the same time as sound insulation. 
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2.2.5 External loads  

They are called external loads in all factors related to the transfer of heat through walls, 
ceilings, floors and glass that are exposed to a temperature different from the interior of the 
space station.  

The external loads are: 

• Solar radiation falling on the Windows. 

• The incident radiation can be reduced with the use of insulating glass and external 
protectors such as blinds or curtains.  

• Solar radiation on walls and ceilings. 

• The heat penetrates through the external face due to the combination of air and solar 
radiation, causing a gradual warming from the outside inward. 

• Temperature of the outside air. 

• A higher temperature to the outside of a building makes the heat flow through the 
Windows, walls and ceilings. 

• Pressure of the water vapor. 

• The water vapor through most materials, thanks to the difference of moisture, 
therefore it is necessary to control its entry with materials such as polyethylene, since 
their presence reduces the feeling of comfort. 

2.2.6 Internal loads  

Are caused by some elements that generate heat in the interior of the space station.  

Internal heat sources: 

• People. 

The human body, due to its metabolism, it generates heat and yields by radiation, 
convection and evaporation. The amount of heat generated and dissipated may vary 
depending on the temperature of the atmosphere and of the degree of activity of the 
people. 

• Lighting. 

The lighting elements transform electrical energy into heat and light, by Joule effect.  

• Electrical appliances. 

In most of the areas there are electrical appliances, which are an important source of 
heat generation, which has to be taken into account when calculating the total thermal 
loads. 

3 EFFICIENCY AND CTE.DB.HE ENERGY SAVINGS  
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3.1 Energy efficiency  

The first facilities of air conditioning worked only with outside air, it did that energy 
expenditure was very large. To try to improve this system began to make re-circulating the 
air, given that it is cheaper to cool the air in the interior of the premises already conditioning 
rather than take only from the outside at a higher temperature. 

  

 

Figure 3.1 Installation All Air.  

Q = Mair·(h30-h18) 

The second generation air conditioning worked only with air recirculation. This led to the 
emergence of sick building syndrome, to avoid this, it was necessary to introduce suitable 
ventilation.  

 

Figure 3.2 Installation All Air recirculation.  

Q = Mair·(h30-h18)�Q = Mair·(h24-h18)≈ 50% Energy 

The third generation introduced outside air and recirculation, which is similar to the system 
used at present. 
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Figure 3.3 Installation outside air and Recirculati on. 

  

Q = MRecirculated·(h24-h18) + MRenewed·(h30-h18) 

  

Finally, the fourth generation of air conditioners is the one that achieves higher efficiency, 
incorporating the system free-cooling, which take advantage of the outdoor conditions when 
these are better than the Interior, such as for example there would be in a place with high 
thermal load during spring, fall or a summer night. 

 

Figure 3.4 installation free-cooling.  
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Q = Mair·(h20-h18) 

Part of the system free-cooling, heat is introduced, which takes advantage of the air coming 
out of the interior of the premises, when it is at lower temperature than the outside, which 
reduces the amount of energy needed to achieve the thermal break. 

 

Figure 3.5 Installation free-cooling and recovery. 

 

3.2 CTE.DB.HE Energy Savings  

The building sector is a major consumer of energy, this consumption I guess around 40% of 
the total in Europe. Therefore, it is very important to regulate the rational use of energy, 
reducing them to sustainable limits, pursuant to the Technical Building Code. 

The document that regulates is the DB of energy saving, approved by Royal Decree 
314/2006, limiting the energy demand of buildings depending on the locality where it is 
located and use planned by the same people.  

The document has been amended for the last time on September 12, 2013. The most 
important changes that have been introduced are as follows: 

• Develops a new section, HE 0, global in nature and related to the other requirements, 
which limit the consumption of non-renewable primary energy. 
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• The energy rating of a new building or the extended part of an existing another use, 
(for the energy consumption of primary energy of the building), you must be an 
efficiency equal to or higher than B class. 

• The limits of energy demands of heating and cooling of buildings for private use: 
residential 

o The heating should not exceed the limit value Dcal, lim obtained by the 
following expression: Dcal, lim = Dcal, base + Fcal, sup/S. 

o The cooling system must not exceed the limit value Dref, lim = 15 kWh/m2 · 
year for summer climatic zones 1, 2 and 3, or the value limit Dref, lim = 20 
kWh/m2 · year for summer climate zone 4. 

Where Dcal, lim is the threshold value of the heating energy demand, expressed in kWh/m2 · 
year, considered the area of habitable spaces; 

Dcal, base is the base value of the heating energy demand for each winter climate zone 
corresponding to the building, which takes the values in the table "correction factor and base 
Value for surface of the heating energy demand"; 

Fcal, sup is the correction factor for the surface of the heating energy demand, which takes 
the values of table 2.1 of the CTE DB HE; 

S is the surface of the habitable areas of the building, in m2.    

Table 3.6 Tabla 2.1 Value base and surface correcti on factor of energy consumption source: 
CTE 

    Summer climate zone  

1 2 3 4 

Dref, lim kWh/m2 year ·    15   20 

Table 3.7 cooling energy demand. 

 

4 DEMANDS IN TERMS OF DESIGN. RITE 

 The RITE (regulation of thermal installations in buildings), approved in its current version in 
2007, establishes the requirements of efficiency and security that must comply with the 
thermal installations, designed to achieve the wellbeing and health of people during its 
design and dimensioning, implementation, maintenance and use. It applies to all fixed 
installations air conditioning (heating, cooling and ventilation), as well as the production of 
domestic hot water to achieve a rational use of energy. 

The RITE will be applied to all thermal installations in buildings of new construction and 
thermal installations that are exclusively applied to existing buildings reforming the reformed. 

4.1 Technical documentation of design and dimensioning  

The thermal installations included in the scope of application of RITE, must run on a basis of 
a technical documentation which will vary according to the circumstances in which it is found: 
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• When the nominal thermal power of heat or cold to install more than 70 kW, it is 
necessary to carry out a project. 

• If the nominal thermal power of heat or cold to install is greater than or equal to 5 kW 
and less than or equal to 70 kW, will be able to perform only a memory technique.  

• It will not be necessary to present the above documentation in the case of 
installations with a nominal power of heat or cold less than 5 kW. 

• The project must be drafted and signed by a qualified technician. You can develop in 
one or more specific projects, or integrated into the general project of the building, the 
designers of a coordinated way between them. 

The project must describe the installation in its entirety, with the appropriate 
justification of proposed solutions, technical characteristics of the equipment and 
materials, checks and tests and instructions for use and maintenance. 

• The memory technique will have to be drafted by a competent technician skill or 
installer, will provide in the forms determined by the competent body of the 
autonomous community and must contain the justification of the proposals, a brief 
descriptive report, the calculation of the thermal power and plans or diagrams of the 
installations.  

4.2 Conditions for the design  

The most important conditions required by RITE and that affect the facilities of air 
conditioning, are detailed below.  

4.2.1 Operating temperature and relative humidity  

Interior design conditions of operating temperature and relative humidity are stated according 
to the metabolic activity of the people who people the atmosphere, their degree of clothing 
and the percentage of dissatisfied (PPD), in the following cases: 

• When people have a metabolic activity sedentary 1.2 met, dress with a 0.5 clo in the 
summer and 1 clo in winter and a PPD between 10 and 15%, operating temperature 
and relative humidity values will be those indicated in the table 1.1.1.1 of the RITE. 

 

Table 4.1 Interior design Conditions.  Source: RITE  

• For different values in the previous section, the operating temperature and the 
relative humidity can be calculated by means of the procedure specified in the UNE-
EN ISO 7730.  
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4.2.2 Air speed  

The speed of the air in occupied areas must be kept within the limits, taking into account the 
activity of the people, their dress, the temperature of the air and the intensity of the 
turbulence. 

The average speed of the air in busy areas (V) with a dry temperature value between 20-27 ° 
C, will be calculated as follows: 

• With broadcast by mixing, turbulence intensity of 40% and PPD for drafts of 15%: 

 

• With broadcast by displacement, turbulence intensity of 15% and PPD by air currents 
lower than 10%: 

  

• For a different number of persons unsatisfied PPD, can be calculated using the 
method you indicate the UNE-EN ISO 7730 and UNE-EN 13779 or report CR 1752. 

4.2.3 Indoor air category depending on the use of the bui ldings 

In residential buildings, will be sufficient to meet the requirements of indoor air quality 
established by Section 3 of the HS CTE, which means that there is proper ventilation within 
the households through the paths of the air circulation inside the same (doors, Windows, 
bathrooms, kitchens, hallways and rooms). 

The rest of the buildings must have compulsorily a ventilation system that provides a flow of 
fresh air enough to avoid concentrations of pollutants, according to the RITE. 

Depending on the use of the building or premises, the category of indoor air quality (IDA) that 
you need to get at least is as follows:  

 IDA 1: is the category of optimum quality of the air. Is required in buildings of very sensitive 
uses, such as, hospital, clinics, laboratories and nurseries.  

IDA 2: means a good air quality. Is required for offices, public rooms of the hotels, 
residences of third and students, reading rooms, libraries, museums, halls of the courts, 
schools and classrooms for teaching or indoor pools.  

IDA 3: average air quality. It asked the majority of buildings, as they are, commercial 
buildings, cinemas, theatres, events and performances, rooms of hotels, hostels and 
guesthouses, restaurants, cafes, bars, ballrooms, gymnasiums, sports establishments 
(except pools) or computer rooms. 

IDA 4: corresponds to a type of low-quality air. Enforceable in the rest of the buildings 
mentioned above. 

4.2.4 Minimum outside air Flow of ventilation  

Once established the quality of the air inside, you must set the minimum flow of outside air 
which guarantees this quality. This contribution of clean air, is known as a renewal or 
ventilation of the air contained in the interior of the building. 
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To know the number of necessary renovations or input flows of fresh air, it must be based on 
the use to which he assigned the building. Based on this usage, there are plenty of tables 
and recommendations of literature indicating the number of renewals, or provide directly the 
air flow per person or square meter of surface area of the building or to condition rooms. 

According to the RITE, must be calculated using one of the following five methods. 

• Indirect Method of flow of outside air per person. It is a procedure that applies 
especially in premises that have a low production of pollutants coming from different 
sources to be human and in general, when smoking is not allowed in the restaurant 
and people with a metabolic activity of 1.2 met. Use the values in the table of 1.4.2.1 
RITE. 

 

Table 4.2 Flow of outside air. Source: RITE 

For premises permitted smoking, outdoor air tail, will be at least double those that are 
indicated in the table 

• Direct method for perceived air quality. It is based on the olfactory method, the 
value in use are those in table 1.4.2.2 of RITE. 

 

Table 4.3 perceived air quality. Source: RITE 

• Direct method for concentration of CO 2. It is mainly applied in places with a high 
metabolic activity (party halls, gymnasiums and sports halls, etc.) is based on limiting 
the concentration of CO2 in the air inside, depending on the category of air required, 
by pumping clean air from the outside. The concentration limit values given in the 
table of 1.4.2.3 RITE. 
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Table 4.4 concentration of CO 2. Source: RITE 

• Indirect Method of volume of air per unit of surfac e area. It is especially useful in 
those premises and buildings in which the occupation of people is not permanent. 
Use the values in the table of 1.4.2.4 RITE. 

 

Table 4.5 Amounts of outdoor air per unit of surfac e. Source: RITE  

• In heated pools, the outside air vent needed for dilution of pollutants will be 2.5 dm3/s 
per square meter of surface of the sheet of water and should maintain a negative 
pressure between 20 and 40 Pa with respect to adjoining premises.  

4.2.5 Filtering the outside air  

It is necessary to introduce outside air into the building properly filtered, to limit the entry of 
particles and gaseous pollutants that come from the atmosphere outside. 

The quality of the outside air (ODA) is classified into levels, according to the following criteria: 

• ODA1: it is considered the best quality outdoor air is fresh air that may contain 
particulate matter solides temporarily. 

• ODE 2: is an air that has high concentrations of particulate matter and/or polluting 
gases. 

• ODA 3: air with very high concentrations of particulate matter (ODA 3 p) and/or 
polluting gases (ODA 3 g). 
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In the table of the minimum filtration RITE 1.4.2.5 required in anointing of the category of the 
outside air (ODA) and the indoor air quality (IDA). 

 

Table 4.6 filtration Classes. Source: RITE 

(*) * GF = gas Filter (filter) and/or chemical or physical-chemical filter and will only be 
required in the event that the ODA 3 is achieved by excess gases.  

Heat recovery equipment must be protected with a filter section and when there is no space 
for the installation of air treatment units, the filter must be included in the recovery of heat. 

4.2.6 Air extraction  

The air extraction from inside the building also is classified in function of the use of the 
premises or the premises where it was born. Obtained the following categories for the 
outside air:  

AE 1: corresponds to an air extracted which has a low level of contamination. They usually 
come from local and dependencies where the most important emissions of pollutants come 
from the same building materials and decoration that make up the living room, in addition to 
the people. Needless to say, are local where smoking is prohibited. Example: offices, 
classrooms, meeting rooms, commercial premises without specific emissions, public spaces, 
staircases and corridors. 

AE 2: air extracted with a moderate level of pollution. Comes from local busy with more 
pollutants than the previous category, and what's more, smoking is prohibited. Example: 
hotels rooms, changing rooms, warehouses. 

AE 3: air extraction with high level of pollution. Proceeds of premises where they are stored 
or produced chemicals, where there is humidity, etc. Examples: bathrooms, kitchens, 
saunas, chemical laboratories, commercial printing services.  

AE 4: air extraction with a very high level of pollution. It is air that contains harmful pollutants 
and scented to health on the basis of certain concentrations. Examples: extraction of smoke 
bells, parking lots, premises for the handling of paint, which is kept for lingerie and dirty 
laundry, local storage of food waste, local smokers ' continuous use, chemical laboratories. 

The flow rate of extraction of local services will be at least 2 dm3/s per square meter of 
surface area on the ground floor. Only be able to be returned to locals, the air of AE category 
1, smoke free. 

4.2.7 Energy efficiency requirements  

The RITE indicates some minimum requirements that must comply with the cold generation 
facilities, among others, as the most significant point will include the following: 
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• The temperature of the water cooled at the end of the production plants must remain 
constant to vary the demand. 

• The temperature jump will be a function of the power of the generator, to the limit 
established by the manufacturer, in order to save pumping power. 

• When in an installation with a nominal useful power exceeding 70 kW, the lower 
bound of the demand is less than the lower limit of partiality of the machine, it is 
necessary to install a system designed to meet the demand produced throughout a 
day. 

4.2.8 Order and tour of the facilities  

In a building, the order of the different installations is very important. This must be perfectly 
defined in the design phase, since a correct design of the position and distance of the 
various pipes and wiring, it is essential to make a good start and thus avoid, acoustic 
disturbances caused by a bad design or a possible malfunction caused by a bad distribution 
that can cause loss of load or reduce the efficiency of the whole. Also provide access for 
servicing or maintenance. 

You will have to propose a route of pipes as short as possible, avoiding changes of direction 
or overlapping with other unnecessary facilities. In the event of having to do overlay of 
installations, which bring water to the inside, always go to the bottom of the electrical 
installation, in order to avoid contact in case of water leakage. Therefore, the design of the 
project, if done at the same time that the general project of the building, it is important that 
there is good coordination between the designers and in case it is carried out in different 
moments, the designer will have to study in depth the building, since the course is related to 
the distribution of the building, the main condition for design.  

 

Figure 4.7 Position among facilities. Source: Proj.  Notes. II  
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5 Elements of a installation of air conditioning and a classification of the 
different systems 

So far, we have seen the necessary and essential topics to understand the operation of the 
air conditioning. Now, we will examine the functioning of the system, namely, the production 
of air and the elements that make up the whole. 

5.1 The production of cold and heat  

The most widely used method for the production of air, is by a vapor compression. To 
achieve this, you need a compressor, a condenser, an evaporator and expansion element. 

Basically it is a circuit through which a fluid circulates fridge that evaporates in the evaporator 
and is condensed in the condenser. In the evaporator, heat absorption occurs and in the 
condenser, a transfer, causing anything that is in contact with the evaporator is cool. Due to 
the lower pressure in the evaporator, the condenser, the compressor is responsible for 
circulating and compressing the fluid. 

• Each refrigerant has a diagram with their thermodynamic properties. 

• Based on the changes of State (liquid-steam and vapor-liquid) of the refrigerant. 

Status change T = f (p) (If p low T low, if p T climbs climbs) 

If latent heat > Heat sensitive�Low refrigerant quantity and size plots. 

• It seeks to have a liquid at low p and T to evaporate it. 

The required heat surrounding takes�the cools 

• In an open system the refrigerant be lost into the atmosphere; the normal is 

working with refrigeration cycles. 

 

Figure 5.1 vapor compression refrigeration Circuit.  
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Source: termoitt.blogspot.com 

The liquid that comes out of the condenser is at a very high pressure, therefore, before 
moving on to the evaporator, it is necessary to reduce it by means of an expansion valve. 
When the liquid reaches the evaporator, try to evaporate, which is a process that takes a lot 
of energy, so that it absorbs heat from the atmosphere, reducing the temperature of the 
same. 

5.1.1 Chiller Unit  

The chillers are the units to get cold water, the evaporator is a heat exchanger (best of tubes) 
in the grain. 

They have to avoid freezing, so that the temperature of the water is between 4 and 6 ° C. If 
the water carries some antifreeze temperature can be up to-5ºc. 

 

Figure 5.2 Unit refredadora. Source: UC 

In the figure below you can observe the working cycles of the reversible heat pump. 
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Figure 5.3 refrigeration Cycles. Source: UC 

 

5.1.2 The heat pump  

The heat pump is a machine to cool down. That uses the heat from the condenser. 

Can be reversible: take advantage of heat or cold (heating in winter and cooling in summer, 
suitable for air conditioning). 

 

Figure 5.4 cycles of heat pump. Source: UC 
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Figure 5.5 cycles of the reversible heat pump. Sour ce: UC 

Here are the different types of heat pump that can be found. 

 

Figure 5.6 type of heat pump.  Source: UC 

Heat pumps in the residential sector are applicable for air conditioning and HOT WATER 
production. 
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Figure 5.7 heat pump installation in housing.  Sour ce: UC 

In the tertiary sector are used for local heating and air conditioning or swimming pools. 

 

Figure 5.8 installation of heat pump in offices. So urce: UC 

With regard to the industrial sector, are used for heating of industrial premises, hot water, 
drying, distillation, greenhouses, fish farms, fermentation of bread, etc. 

 

Figure 5.9 installation type Scheme heat pump in gr eenhouse.  Source: UC  
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Figure 5.10 Schemas heat pump with ACS.  Source: UC  

5.2 The Basic elements of an installation of air condit ioning  

• Production team of air or heat: is the machine that is the air or the water that will be 
used in the fitting. 

• Distribution Team: is the entire set of pipes and ducts that distribute the air or the 
water where necessary. Will be explained in detail in a later chapter.  

• Terminal Units: are the element that receives the air or the water Treaty and make 
the transfer between the thermal fluid and the environment. The most common are as 
follows: 

o Grilles: with horizontal or vertical enclosures, usually adjustable. Its main use 
is as a return.  

 

Figure 5.11 Grid. Source: archiexpo.es 

Linear: network a stream of air in a single line. Recommended in installations of flow 
variable or constant.  
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Figure 5.12 Linear Unit. Source: archiexpo.es 

o Rotational Diffusers: have a high induction air driven. Can be placed 
together between them, thus allowing a greater total flow. 

 

Figure 5.13 Rotational Diffuser. Source: archiexpo. es 

o Ceiling: they are circular, rectangular or square, made with concentric cones, 
making the mixture of air. 

 

Figure 5.14 Ceiling Diffuser. Source: terminalaire. com 
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o Jets drive: is a pipe through which you get a powerful, recommended for 
large spaces.  

 

Figure 5.15 Nozzle drive. Source: unican.es 

o Cold Beam: they are placed throughout the stay and can incorporate 
elements of sound or lighting. Recommended for areas with high thermal 
loads, can be installed in the ceiling hanging satin. 

 

Figure 5.16 Cold Beam. Source: mundohvacr.com 

o Dispersors: used when there are difficulties to make an installation in height. 
You will need a ground technician for the installation of the pipes and cannot 
occupy the spaces next. 
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Figure 5.17 Diffusers of Earth. Source: unican.es 

o Diffusers of step: installed as part of the steps are recommended for 
premises with different heights and with difficulty of installation on ceilings, 
such as theatres or cinemas. 

 

Figure 5.18 Diffusers of link. Source: directindust ry.es 

o Perforated sheet metal panels: are placed on the roof or on the walls, the air 
is distributed through the holes with a uniform distribution at low speed and 
with low turbulence. 
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Figure 5.19 Wall Diffuser. Source: unican.es 

o Variable geometry Diffusers: adapt the geometry depending on the situation 
of the circulation of air in winter or summer. 

 

Figure 5.20 Diffuser of variable geometry. Source: archiexpo.es 

• Air conditioning equipment: in large installations, the air must undergo several 
operations, carried out in air conditioning: 

o Cooling or heating. 

o Mixed with outside air. 

o Humidification. 

o Filtration. 

o Impulsion by means of a fan. 

• Equipment of regulation and control: the installation of air conditioning to regulate 
it, so that it can respond effectively to the changes produced in the environment. 
Combine automatic and manual elements, since the system must be able to regulate 
itself by itself and also receive the orders entered by the user.  
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5.3 Elements of regulation  

In the air conditioned facilities must be maintained in the atmosphere a prefixed value of 
temperature and humidity, the so-called values of left-luggage office. To achieve this, we use 
the automatic regulation. 

The system of automatic regulation is formed by a regulatory mechanism, which is the end of 
regulation and the source of energy. The regulatory mechanism, measures the magnitude to 
monitor and compare it with the value of luggage; If there is a detour sends a signal to the 
end of regulation, which acts on the installation in order to maintain the pre-conditions.  

• Thermostats: are heat-sensitive devices, which measure the temperature that exists 
in a particular environment and if it does not match the left-luggage office, sends a 
signal to the end of regulation. Thermostats can be for wall installation, with sensible 
element insertion in a duct, immersion with sensitive element placed in a liquid or 
surface.  

 

Figure 5.21 Wall Thermostat. Source: efiteks.com 

• Pressure & Temperature: are pressure gauges that work similarly to thermostats, 
but measuring the static pressure.  

 

Figure 5.22 Digital pressure switch. Source: sensov ant.com 
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• Humidostat: is a device sensitive to relative humidity and able to measure it by 
sending a signal in case it is different from the value of left-luggage office. 

 

Figure 5.23 Digital humidostat. Source: famicastonl ine.es 

• Final regulatory Bodies: can be: 

o Motorised Valves: regulate the flow of a gas, liquid or vapour, through 
orifices variables that are powered by electrical devices or tires. Can be of the 
following types: 

� Single seat valves: designed to obtain an immediate and total 
closure. 

� Piston Valve with pilot: there are also people only and should be 
used when you need a considerable force to actuate it. 

� Mixer seat valve: the force that is exerted on the stem is balanced, 
reducing the force needed to move it. 

� Barrejadora Valve of three ways: have two entrances, a departure 
and a double shutter surface that moves between two seats.  

o Motorized Gates: used to regulate the flow of air and work like the valves. 
Can be a single item or several connected together.  

 

5.4 Classification of air conditioning systems  

There are four criteria for classifying air conditioning systems: 

a) Depending on the type of fluid, cold or hot, that i s introduced in the.  

•        All air: it is that cool or warm air only. There are many variants, but the most 
used are those of a single pipe or two.  

•        Air-water: using air and water, causing local reach to cool it or heat it up. 

•        All water: are facilities that warm or cool water only, which arrives on the 
premises in order to heat it up or cool it. 
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•        Cold Fluid: the fluid used in the vapor compression cycle to produce cold, is 
what comes in the establishment in order to cool it. 

b)  According to the centralization or dispersion of th e equipment installation.  

•        Centralized System: formed by a central where it cools the air or the water that 
will later be distributed to different premises that you want air-conditioning. In the 
same central will perform the complete treatment of the air, in case it is air (filtration, 
mixed with outside air, pumping ...). 

•        Semicentralitzat System: a common part of the process is carried out in a 
central and the other part is done in the same place in air-conditioning. 

•        Decentralized System: individual machines are used that perform the full 
treatment of the air in each local air-conditioning. 

c)  According to the shape of the air conditioning unit .  

•        Central type system or air conditioning: This is a set of elements that bind 
forming modular units. Used for large conditioned spaces and industrial facilities. 

•        Self-contained: it is air treatment units that carry out the whole process of 
conditioning. In a single package will perform all operations. 

d)  Depending on the speed of the air.  

•        Low-speed: when the speed is lower at 11 m/s. 

•        High speed: when the speeds are between 11 and 25 m/s. 

6 INDIVIDUAL STUDY OF DIFFERENT SYSTEMS OF AIR CONDIT IONING 

Firstly, it is necessary to explain in what consist of the UTA (Air Treatment units), as they 
appear in most systems. 

The air treatment units are units of treatment and pumping air, designed to maintain the 
quality and hygrothermal conditions of the air in indoor spaces. Be conditioned outside air 
(ventilation) or simply air interior (recirculation) and may act individually in small installations 
or, in combination with other systems, such as in the majority of cases. 

A UTA is formed by the coupling of various sections or modules.  
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Figure 6.1 Sections of a UTA.  Source: Unican 

 

Figure 6.2 Sections of a UTA.  Source: scalofrios.e s 

• Seccions of fans: Low pressure centrifugal type, with separate electric motors and 
operated by means of straps. Typically have two or more reels in a galvanized 
chassis. To vary the flow, are placed various pulleys on the motor or fan, which 
changes the ratio between heat sensitive and latent. When you want an air 
conditioning system with a good ventilation of the premises, they have to settle with 
two fans, one on each end of the unit, which we call of impulsion and return. In this 
way, we can take outside air and expel excess air, in addition to the local double 
glazing without causing depression or overpressure in it.  

• Heat and cold batteries section: Each section consists of a copper coil with 
aluminum fins, with two connections for the water circuit of the chillers, and a tray for 
collecting condensation on the cold battery. The battery heat can connect to another 
heat pump, or in a caldera. In both cases, you must bring a 3-way mixer valve, in 
order to maintain the battery at the desired temperature. 

• Section of filters and prefiltres: The pre-filters are suits of armor with a metallic 
fabric on which is placed a felt fine, that will keep all the particles and fibers pulled 
through the air. They must be extracted with ease and are cleaned with pressurized 
air or water. 
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• Humidification section: This section will place a team that inject water into the air 
flow, in order to increase the relative humidity of the air. The humidification section is 
installed in premises where the heating load in the majority, and will want to give the 
environment a good comfort, as in cinemas, theatres, museums, etc. Remember that 
heat the air, the relative humidity drops rapidly, and on many occasions the very dry 
air. the contribution of water can be done with: 

o Water tray with electrical resistance, which causes evaporation. 

o Felt or mesh humidity. 

o Pressure water pipe with nozzles. 

The pipes must be connected to the network of drinking water or softened water, 
powered by an electric valve or a membrane dosing pump. 

This section may present problems for obstructions due to the lime water. 

• Mixing Section: The mixing section is a box in the aspiration of the appliance or after 
the fan back if there are. Your goal is to expel the outside part of the air that comes 
from the local and take the same amount of new air from the outside. 

Is installed in a box, two or three sets of motorized air gates that allow you to adjust 
the return air, the outdoor air outlet and the expulsion of excess air in the 
percentages. 

Air mixing section is very convenient, since it allows to bypass the installation of 
ventilation of the premises, since we can indicate the percentage of outside air to take 
down the air conditioning. 

The actuator of the floodgates of mixture can be manually or automatically, by means 
of servomotors. If it is manual, is fixed by measuring the air flow that comes with an 
anemometer, and adjusting the aperture to achieve the desired percentage. 

The modern building, equipped with control automatons that fit the outside air so that 
it fits to the occupation of the premises, which can be detected by a probe of air 
quality or CO2, located in the return air in air conditioning. 

You can create different combinations between sections of a UTA, according to the 
space you have and the design conditions. 
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Figure 6.3 Combination of modules in a UTA. Source:  Unican 

Only the air extraction of AE1 category can be returned to locals. The air of AE2 category 
can only be returned if they are extracted and drives to a single place, for example: hotel 
rooms, restaurants with a team for the smoking area. The air of AE1 AE2 or category can be 
used as transfer air to ventilate of service rooms, bathrooms and garages. AE3 and AE4 
category air cannot be neither re-circulated or transferred. 
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Figure 6.4 The UTA scheme depending on the quality of the extracted air.  Source: IDAE 

 

6.1 Facilities with autonomous equipment. Direct expans ion systems  

The regulation of thermal installations in buildings 2007 imposes conditions of ventilation, 
filtering the air and heat recovery which define the systems that can be applied. 

In the case of air-conditioning installations using direct expansion systems of the refrigerant, 
you can design a whole system air as shown in the following figure. 
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Figure 6.5 Types of air in an air conditioning syst em all air with expulsion driven. Source: IDAE 

In the case of small installations, not normally leads the air expulsion, is done through 
exfiltration’s, as shown the following figure. 

 

Figure 6.6 Types of air in an air conditioning syst em without expulsion of air. Source: IDAE 

In many small facilities for air conditioning installations (PN < 70 kW), was chosen for the 
realization of a mixed system. Kennels systems consist of two subsystems: 

• The air treatment unit (UTA). In this equipment the air is filtered out and will be 
entered in the premises. The unit will be able to carry out or not the heat treatment of 
the air vent. In some cases, heat recovery will be installed to harness the energy of 
the air expelled. 
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• The terminal units. This is terminal units (splits) that tend to be of type wall, ceiling, 
floor cassettes or behavior. The Interior units will be connected to one or more 
external units. 

 

Figure 6.7 Type of air in a mixed air conditioning system without heat recovery. Source: IDAE 

In the case of installing heat recovery, you will need to perform a network of ducts. The 
scheme to follow would be the following. 

 

 

Figure 6.8 Type of air in a mixed air conditioning system without heat recovery. Source: IDAE 

 

6.1.1 Air conditioning system for homes  

In households can make the design of the air conditioning system without taking into 
consideration the ventilation, since they have been designed according to the criteria set out 
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in the document HS3 of the CTE. The ventilation must be taken into consideration for the 
purposes of the calculation of thermal loads. 

In households typically install direct expansion systems such as floor or wall in the bedrooms 
or, more conveniently, one or several units of behaviour. In the following figures will show 
these systems.  

 

Figure 6.9 Installation Diagram of indoor units in a housing.  Source: IDAE  

 

Figure 6.10 Installation Scheme with ducts in a hom e. Source: IDAE 

6.1.2 Systems without heat recovery  

In the case of ventilation air conditioning installations which have to be performed according 
to the RITE 2007 (everything except housing), you should take into consideration the 
impulsion of the air vent. 
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The pumping of fresh air in the premises is carried out for reasons of quality of the indoor air 
and in the extreme conditions of winter and summer is a thermal load that must be 
overcome. 

It must be borne in mind that the facilities of air-conditioning of premises such as offices, 
restaurants and small shops are working some 2,000-3,000 hours of the 8.760 hours that 
has one year and do not work in the colder hours (at dawn). In addition, there are many 
hours a year where the outside temperature is moderate (16-22 ° C) and the ventilation air 
inlet can be beneficial from the point of view of energy (free cooling). 

In the design of ventilation systems, it is necessary to bear in mind the following aspects: 

• Control of ventilation to ventilate more than necessary (start and stop of the 
ventilation unit to probe CO2). 

• Use ventilation to make free cooling (free cooling). The control system should 
connect the ventilation system if it proves beneficial. In summer, if the outside 
temperature is 16 to 22 ° C, you should ventilate before booting the teams of cooling. 

• Make night-time cooling. The hours of the day where the temperature is lowest is 5 to 
8 AM. The night-time ventilation well done can save a lot of energy. 

In the case of direct expansion refrigerant systems, the typical options that can be performed 
are: 

• Mixed system independent: 

•         Ventilation without heat treatment.  

•         Ventilation with heat treatment. 

• Mixed system with ventilation connected to the indoor units. 

• Mixed system a single compact equipment. 

• All air system. 

6.1.2.1 Mixed independent system  

This is an air conditioning system to direct expansion where the impulsion of the ventilation 
air is carried out independently to the input of the power on the part of the terminal units of 
wall, ceiling, floor, cassette or behaviour. The installation system splits of cassette would be 
as defined in the following figure:  
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Figure 6.11 Mixed system. Ventilation air driven di rectly on the premises without heat 
treatment. Source: IDAE 

In this scheme, the cassette type units will size to beat all the thermal loads of the premises: 
walls, Windows, Interior loads by occupation, lighting and ventilation. 

The flow of air and filters to use depend on the occupation, the activity and air quality 
desired, as has been detailed above. 

To implement this system in practice will be required to ensure an adequate diffusion of the 
air vent so that they ensure the conditions of welfare on the occupied area, even if it drives 
the air vent in the worst conditions of winter and summer. 

To solve the problem of the impulsion of the ventilation air in extreme conditions of winter or 
summer you can install a thermal treatment unit of the air vent (Figure 6.8). This unit can be 
sized to treat the air up in the terms Interior or just to condition it slightly. 

The unit could consist solely of electric resistance that would perform only in extreme 
conditions. Should be taken into consideration that a light stream of air at 24-25 ° C in 
summer it can be nice, but at 20-22 ° C in the winter it is unpleasant. 

In the event that the outdoor unit performs an air heat treatment up to the conditions of 
thermal comfort, the cassette type units will not have to select to overcome thermal loads for 
ventilation. 
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Figure 6.12 Scheme of mixed system. Ventilation air  driven directly on the premises with total 
or partial heat treatment. The heat treatment can b e carried out in an independent unit or 
incorporated into the ventilation unit. The battery  that provides the heat treatment of the 
outside air can be direct expansion, a battery of w ater or electrical resistance. Source: IDAE 

6.1.2.2 Mixed system with ventilation connected indoor unit s 

In the event that the air vent is not very high in comparison with the air driven by the 

Interior units, it may be advisable to connect the air vent to the aspiration of the indoor units. 
The manufacturers usually limit the flow of outside air to enter into the cassette: generally 
cannot be more than 15% of the flow driven by the drive when you enter directly from the 
outside though there are teams that allow up to 50% and Interior drives that allow you to 
work with all outside air. In the case of using heat, this limitation is extended. 

The following figure shows the layout of the installation, where the air is promoted directly to 
cassette type units. The ventilation unit could incorporate some type of heat treatment 
(similar to Figure 6.8). 

 

Figure 6.13 Mixed system with ventilation connected  to cassette type units. Source: IDAE 
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In the case of use of duct type units, the connection of the air vent is simply a plenum in the 
aspiration of the Interior duct type units. The following figure shows schematically the air 
conditioning system used (Please keep in mind that could exist several units of behavior with 
a single ventilation unit). 

 

Figure 6.14 Mixed system with ventilation connected  to duct units.  Source: IDAE 

The related system involves the installation of two fans in series: the fan of the air treatment 
unit and the outdoor unit fan behaviour. For a proper system operation, must be limited in 
some way, the pressure provided by the ventilation unit, installing floodgates or using a 
frequency inverter controlled by the pressure in the drive unit. 

In the event that you can use the false ceiling of the premises as a plenum, the connection of 
the air vent simplifies a lot more. 

 

Figure 6.15 mixed system with ventilation connected  to units of behavior for false ceiling. 
Source: IDAE 
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6.1.2.3 Ventilation system connected to compact equipment  

For the air conditioning of commercial premises, it is common to use compact equipment in 
the false ceiling. In these teams, the indoor and outdoor units form a set. The air required for 
the outdoor unit (condensation on cold cycle) is taken and released to the front of the 
premises. 

The need to use a ventilation unit is due to the loss of pressure filter and pre-filter is far 
superior to the pressure available which usually provides the fan of compact equipment 
existing in the market.  

The connection of the compact team with the ventilation unit is similar to the connection of a 
unit of behavior. It is recommended to perform a small plenum right on the aspiration of the 
machine and thus mix the air vent with the secondary air of the premises before the heat 
treatment. 

 

Figure 6.16 System with compact equipment and venti lation plugs in the suction. Source: IDAE 

In the event that you can use the ceiling as a return plenum, the connection simplifies quite 
(similar to Figure 6.11). The system will have to control the pressure provided by the 
ventilation unit to prevent excess pressurization the suction area of the team. 

6.1.2.4 All air system  

There is the possibility to use a system all air, in which one team performs the thermal input 
to the system of air conditioning and filtering of the air vent. 

The following figure shows the layout of the installation: 
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Figure 6.17 Where all air System with thermal input , ventilation and filtering. Source: IDAE 

In this system, the floodgates of the air back and the air vent must be adequately controlled 
to ensure the necessary ventilation. It is recommended to install a probe of CO2 in the duct 
back to control the ventilation of the premises. The control of air flow of ventilation there 
would be by means or adjustable motorized floodgates or anything-anything. If there is a 
temperature probe of the outside air would be relatively easy to obtain free cooling (free 
cooling). 

The system can only be used on systems with indoor air quality, multi area AE1 or one area 
systems if the quality of the local air is AE1 and AE2. 

6.1.3 Systems with heat recovery  

The RITE requires to install heat when the air flow ejected by mechanical means is greater 
than 0.5 m3/s (IT 1.2.4.5.2).  

The installation of a heat recovery forces to drive the expulsion of the ventilation air through a 
network of pipes of expulsion. 

The recovery of heat is the teams that are installed in order to save energy. In the installation 
of energy recovery should be taken into account: 

• Control of ventilation to ventilate more than necessary (start and stop of the 
ventilation unit to probe CO2). 

• Control of the system because the savings in CO2 emissions that produces the heat 
is greater than CO2 emissions due to the power consumption of fans. 

• Possibility of free cooling (free cooling) making a by-pass in the heat. 

• Possibility of carrying out night-time cooling. 

In the case of direct expansion refrigerant systems with heat recovery, the typical options 
that can be performed are: 

• Mixed system. 
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• Mixed system with ventilation connected to the indoor units. 

• All air system. 

6.1.3.1 Mixed independent system  

It is the same system that the shown in the previous section, with the difference that in this 
case it is included the recovery of heat. Heat recovery pre-heated the air in winter and 
facilitates the introduction of the air vent directly to locals. Direct expansion teams will size to 
beat all the thermal loads of the premises and part of the burden of ventilation that will not 
get free of charge in the heat. 

The following figures show a schematic of the air conditioning system to direct expansion, 
where the pumping air vent is made independently to the input of the power on the part of the 
terminal units of cassette and behaviour. 

 

Figure 6.18 Scheme of mixed system. Ventilation air  driven directly on the premises without 
heat treatment. Cassette type indoor units.  Source : IDAE 

 

Figure 6.19 Scheme of mixed system. Ventilation air  driven directly on the premises without 
heat treatment. Inner duct type units.  Source: IDA E 
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6.1.3.2 Mixed system with ventilation connected to indoor u nits  

To carry out a good spread of local air and easily secure comfort conditions in the area 
occupied by the same, it is very important to connect the ventilation air in the suction duct 
units. In the event that the flow of ventilation air is high in comparison to the air flow driven by 
the Interior units, it is possible that this scheme may not be used for limitations of the 
manufacturers of the units of behaviour. In addition, it should be borne in mind that the 
ventilation unit is not pressurized in excess the suction area of the units of behavior: 
installation of floodgates or frequency inverter in the heat recovery unit fan. 

The following figure shows the layout of the installation that is basically the same system as 
shown in Figure 6.10, with the difference of the heat and of the network back. 

 

Figure 6.20 Mixed system with suction connected to the ventilation duct units. Source: IDAE 

In case of using the false ceiling of the premises as a plenum back, could make the 
connection as shown in the following figure. 

 

Figure 6.21 Mixed system of climate control with co nnection to the plenum ventilation and in 
the back of the secondary air.  Source: IDAE 
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6.1.3.3 All air system with heat recovery  

It is using a single team for the air conditioning. The floodgates of regulation will be able to 
control the greater or lesser contribution of outside air. 

In a system or subsystem where the thermal load for ventilation is far superior to the rest of 
thermal loads, such as we find in very high local employment, it may be interesting to the 
local pool only with outside air (mandatory for premises with air category of AE2 AE3 AE4 
extraction, or when several of them are equipped with a single team). 

 

Figure 6.22 System all air with heat. Source: IDAE 

 

Figura 7.9 Conductes llana de vidre.  Font: instala cionesg2.com 

 
 
 
 


