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AIR-CONDITIONING TECHNOLOGY -

SOLAR COOLING
MODULE  III
This module was created within the framework of the LEONARDO DA VINCI project SERVITEC (D/97/2/00655/PI/II.1.1.b/FPC). An Internet version of the module, as well as further information regarding the project are freely available in the Internet under http://www.eduvinet.de/servitec/

Preface

The module „Air-Conditioning Technology – Solar Cooling" provides the SHK service technician with an overview of the comfort range for human beings in ventilated spaces, as well as of the traditional and innovative techniques applied in this area. In this module, the general characteristics and structure of ventilation and air conditioning systems, as well as their design fundamentals will be explained. In conclusion we will introduce the timely and promising topic of „solar cooling and air- conditioning technology“. In addition we will briefly introduce the solar cooling model system developed in the SERVITEC project.
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1.


Introduction to ventilation and air conditioning technology
1.1.

Comfort

Room climate plays a significant role in the well-being and working capacity of human beings. Observation has revealed an air quality range within which people generally feel at their best. This range is known as the comfort range and is mainly characterised by the components represented in Fig. 1.

Fig. 1 Most important components of comfort
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Decisive for thermal comfort are not the individual components, but rather their  „joint effect“. In this way air temperature and heat radiation (wall temperature) can to some extent mutually compensate for one another, or a relatively high ambient temperature can be made tolerable by a light increase in air velocity, etc.

In addition to those mentioned above, many further factors influence comfort. Some examples include air purity, noise level, electrostatic state of air and clothing, age, gender, habits, type of work, etc. Thus we can see that no strict boundaries can be plotted for the comfort range. Nevertheless, for normally clothed, seated persons, or those undertaking only light physical activity, certain average values have been determined. Some of them will be clarified in the following.

1.1.1
Room air temperature

For our central European climate, hygiene specialists generally recommend a most favourable room air temperature for normally clothed, seated people not carrying out physical labour, of 20 ... 21°C in winter, and of 21 ... 22°C in summer at an average outside temperature (ca. 24°C). The reason for the higher temperature in summer is that people generally dress more lightly at this time, and thus require a higher ambient temperature at the same body surface temperature in order to maintain the same amount of heat dissipation to the surroundings.

The room air temperature of 20 ... 21°C in winter can only be regarded as a rough average, and only applies where their is no room air movement. Where the air is in movement, which is always the case in ventilated areas, this results in a cooling effect, which can be unpleasant. Thus, a room temperature of 22°C is recommended. Experience also shows again and again that women feel the cold more readily than men. The same applies to older people (over 40 years) in comparison to younger. It is thereby advisable, under certain circumstances, to heat rooms primarily frequented by women or older people at a temperature which is 1 K higher.

On hot summer days, when the outside temperature climbs to 28 ... 32°C, and when people clothe themselves more lightly, a room temperature of 21 ... 22°C will generally be found to be too cold. This is especially the case when one only stays in such areas (department stores, theatres, assembly halls, etc.) for a short time. On hot summer days it is therefore recommended to raise the room temperature in relation to the outside temperature (see Fig. 2).
Too dramatic temperature differences between room air and outside air are thereby avoided, and thus also the danger of heat shock. In addition, this measure results in a savings of cooling energy.

Fig. 2 Sliding room temperature in summer
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English translation of technical terms and sentences in Fig. 2:

t1 Room air temperature

t2 Outside air temperature

1.1.2
Radiation temperature (Wall temperature)

Because the temperatures of the surfaces surrounding a room (walls, doors, windows, ceiling, floor) are generally lower than the surface temperature of the human body (25 ... 27°C), it constantly radiates heat to these relatively cooler surfaces. This has the effect that spaces with normal air but low wall temperatures are found to be uncomfortable. The average temperature of the surrounding surfaces, the radiation temperature, thus has a considerable influence on comfort levels.

In order to ensure comfort, the temperature of the surfaces surrounding the room should lie within a range in which the heat dissipation of the body is neither restricted nor increased. A room temperature of 20 ... 22°C  is generally only suggested as the most favourable where the average wall temperature is either identical or at least quite similar to the air temperature (Fig. 3). Where the wall temperature is significantly lower than the air temperature, as is the case, for example, when warming a room in winter, a room temperature of 20°C will be felt to be too cold.

Fig.3 Radiation influence and level of comfort at a room air temperature of 21°C
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The following factors should be considered with respect to the average temperature of surrounding surfaces:

· The location of the radiators and of the occupants of the room is of great importance. If the radiators bring the room heat to the window-sill, the effects of the cold exterior wall and the window surface will be compensated for by the heat radiation of the heating unit. In addition, draughts caused by descending cold air from the window will be avoided.

· Single-glazed windows are not appropriate for central European conditions. This is because the radiation loss of  human beings is especially great as a result of the lower temperatures of window surfaces. The larger the windows, the greater the heat loss.

· In summer, large windows often result in a high air temperature due to the radiation of sunlight into the room. This, together with the high temperature of window surfaces, detracts from the level of comfort.

· If  the average temperature of the wall sinks by 1 K, this effects persons in a resting condition in the same way as a drop in air temperature of 1 K. Air and wall temperature thus have approximately the same influence upon comfort levels.

Thus we can state that the average value of room air temperature and the average temperature of all the surrounding surfaces (incl. radiators) is decisive for comfort, in so far as temperature factors come into play. This is also known as “perceptive room temperature” or “resulting room temperature”. The less these two temperatures deviate from one another, and the closer they are to 20 ...22°C, the more stable will be the heat dissipation of the human body. The difference should not amount to more than ±2 K. In addition, there should not be any great differences between the temperatures of the individual surrounding surfaces.

1.1.3
Relative air humidity

Atmospheric air always contains a certain proportion of water in the form of water vapour. This water quantity in grams per kilogram of air is expressed as absolute humidity x. However, air at a certain temperature can only absorb a very particular maximum amount of water (saturation, 100 % relative humidity). The higher the temperature, the higher the possible moisture content of the air. This relationship is represented in Fig. 4 as a diagram.

Relative humidity determines the actual moisture content at the given temperature in relation to the maximum possible moisture content, and calculates it as follows:

Relative humidity = actual moisture content x 100/moisture content at saturation point in %

1 kg of air at, for example, 25°C can absorb approximately 20g of water at sea level before reaching its saturation point (saturation line phi = 100 %). However, if the absolute humidity of this air were now only 10 g/kg, only 50 % of the maximum possible moisture content would be present. This means that relative humidity of the air is 50 % (see Fig. 4).
Fig. 4 Correlation between air temperature t, absolute humidity x and relative humidity phi
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Relative humidity also plays a certain role in comfort. This is because warmth in humans created by the metabolic process is partly dissipated through water evaporation from the skin surface. At a room temperature of 20°C, heat dissipation through evaporation plays an admittedly minor role. Humidity also has no great influence as a factor within this range. This means that a person in a room with a room temperature of 20°C will hardly notice a difference between 35 % and 65 % relative humidity.

Experiments have shown that a normally clothed person at rest in central Europe will begin to perspire at 25°C where the humidity is at 60%. At 50% this will first occur at 28°C. Productivity sinks to nil where the air and room temperature is 37°C and humidity 100 %. Under these conditions the body has no possibility to rid itself of the steadily increasing body heat, whether through radiation, convection or perspiration. When determining the upper comfort limit, one should set the relative humidity lower, in direct relation to the height of the air temperature.

To summarise the influence of air humidity on human comfort, we can say that at a normal temperature of 20 ... 22°C humidity should be kept within a range between 35 ...65 %, while this choice should take Fig. 5 into account for higher room temperatures. It is, however, important to remember that not only the air temperature of a room is decisive for relative humidity, but that physical activity and air movement also influence comfort. With increased physical activity, the relative humidity in relation to normal values applying to a person at rest must be reduced, while a lethargic sensation first appears, in conditions of increasing air movement, at a higher level of relative humidity than normal values indicate.

Fig. 5 Recommended relative humidity φ at different room temperatures t
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1.1.4
Air velocity (Air movement)

For the occupant of a room, air velocity also has a great influence on comfort. Naturally, air temperature again plays a major role in connection with air velocity. While even the most insignificant air movement can sometimes be unpleasant at lower temperatures, at high room temperatures a perceptible air velocity can often be pleasant.

In order to be able to characterise room air quality as comfortable, the air temperature and velocity must be correctly co-ordinated to one another. Moving air has a cooling effect on skin, which increases with rising air velocity and falling air temperature. This feeling of well-being is therefore usually disturbed when the moving air has a lower temperature than the room temperature, and where it comes predominantly from one direction. Such an air current, also known as a draught, has an especially unpleasant effect on the neck, back and feet. Next to noise, this is the greatest drawback of all ventilation and air conditioning systems. In order to be able to determine values of tolerable air movement, we must again first qualify, that all figures are only average values for normal conditions. Conditions such as gender, age, activity, race, etc. also play a role. At normal temperatures of 20 ... 22°C, the hygienic specialists suggest a tolerable air velocity blowing frontal against sitting persons of approximately 0.15 ... 0.25 m/s. Where the air current is directed against the neck or feet, for example, the air speed at temperatures of less than 21 °C should not exceed 0.15 m/s. In addition, in order to avoid draughts at the given room temperatures, the air speeds shown in Fig. 6 should not be exceeded. Fig. 6 shows that a relatively high air temperature can be made tolerable by increasing the air velocity, while conversely, the effects of an unavoidably high air velocity can be compensated for to a certain extent by the controlled raising of air temperature.

Fig. 6 Recommended maximum air velocity vmax. at various air temperatures
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1.1.5

The comfort temperature

As already stated in point 1, the human feeling of comfort is a highly subjective value, and difficult to measure due to the absence of an objective comparison. Extensive studies in various research centres have, however, shown that it is possible to simultaneously satisfy a high percentage of regular occupants of air-conditioned rooms. The newest results show 90%.

A specially developed measuring unit is used for the study of thermal comfort. The comfort temperature is derived from the measurements of air temperature ti, radiation temperature tz of the surrounding surfaces, air velocity v and relative humidity. The following limits have been assumed:

ta:


21 ...24°C

ti-t:

3K

Air speed:

0... 0,25 m/s

Humidity:

35...75%

1.2


Classification of ventilation plants

When referring to ventilation plants we will differentiate between natural ventilation and forced ventilation.

1.2.1

Natural ventilation

With natural ventilation, air renewal in a room only takes place through a pressure differential between the inside and outside air. Such a pressure differential is caused by wind and temperature differences. Natural ventilation, which functions without the use of ventilators, can be differentiated between:

· Joint ventilation (Pore ventilation)

· Window ventilation

· Shaft ventilation

· Skylight turret ventilation

Joint ventilation (Pore ventilation)

If a closed room is warmer than the outside temperature, the following pressure conditions will result:

The air in the room warmed by a radiator, for example, which is lighter than the colder outside air, creates an over-pressure on the upper part of the exterior walls, which increases with height. In the lower part of the room this results in an under-pressure. This under-pressure is at its greatest above the floor. Cold air from outside flows through unavoidable gaps in windows, doors and walls (joints, pores) into the under-pressure areas of the room, In the under-pressure area, air is pressed out of the room through the same gaps. This results in a constant air renewal in the room.

The greater the temperature differences, and the higher the rooms, the greater the pressure differential. In high-ceilinged areas such as staircases, churches, halls, etc., the pressure differential alone can lead to draughts. If the interior temperature is lower than the outside temperature, the conditions are  reversed. The magnitude of the air renewal caused by the joint ventilation is naturally very much dependent upon the size and seal quality of windows and doors. A 0.5...1-fold air exchange per hour takes place in normal living spaces in winter. This means that the air content of a room is renewed 0.5…1 times per hour. High winds naturally increase the air exchange considerably.

For most living spaces, the air exchange resulting from joint ventilation is quite sufficient to maintain air quality within the comfort range, especially when window ventilation is also used as required.

Window ventilation

Air renewal in a room as a result of joint ventilation can be enhanced by the opening of windows. When the outside air is colder and there is no wind, outside air flows in through the lower opened part of the window while room air flows out through the upper part (pressure differential). Because draughts occur, even where heating units stand under the window, window ventilation in winter can only take place for short periods of time.

The most favourable window ventilation is provided by sliding windows (see Fig. 7), which allow you to produce a comfortably adjustable opening in both the upper and lower parts of the window according to your ventilation requirements and wind conditions.

Fig. 7 Window ventilation with sliding window
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In summer, the effectiveness of window ventilation is mostly dependent upon wind conditions, but also to a lesser extent upon temperature differences between the different sides of a house caused by solar radiation (transverse ventilation).

Shaft ventilation

A stronger, natural air exchange (at least in winter) can be achieved with simple discharge air shafts which lead from the upper part of rooms over the roof and outside.

Fig. 8 Shaft ventilation
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English translation of technical terms and sentences in Fig. 8:

1 Saugkopf









=

Suction head

2 Auftriebshöhe






=

Draught height

The effect of the exhaust shafts, as with chimneys, rests upon the draught caused by the weight difference between inside and outside air. If you simultaneously ascertain that air can flow into the room through special openings set as low as possible, you can create ideal conditions, with sufficient temperature drops, for a good air exchange between inside and outside.

Air movement ceases where temperatures are the same. If in summer the outside air is warmer than the room air, the air current flows in the opposite direction and draws the warm outside air into the room.

Skylight turret ventilation

With skylight turret ventilation we mean the natural ventilation which arises from caps, short shafts or similar vents in the roof of a building (see Fig. 9). Where there is no wind this occurs basically due to the thermal uplift which arises from the temperature difference between inside and outside. Where there is wind, the effect of the skylight turret is imperfect. This is because, depending upon the wind direction, air is partly sucked out and partly blown in. With this form of ventilation it is also important that the same air quantity from outside can flow in as is removed through the skylight turret. In order to be able to control the air exchange, they are supplied with adjustable control dampers. The number of skylight turrets is determined by the size of the rooms and the degree of air quality deterioration.

Fig. 9 Skylight turret ventilation
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This type of ventilation is the most commonly used in flat-roofed factory buildings in industry, especially in warm businesses such as power stations, steel mills and foundries. However, temperature differences and wind levels also influence skylight turret ventilation to the same extent as all other types of natural ventilation.

1.2.2
Forced ventilation

Where we are dealing with spaces designed for occupancy by large numbers of people (e.g. theatres, assembly halls, office space, etc.) where strong odours can result (restaurants), or in which the air is spoiled by manufacturing processes, room air can only be sufficiently renewed by means of forced ventilation (fan). In this way the air can be conditioned, i.e. purified, heated or humidified.

The following possibilities of forced ventilation are differentiated:

· Venting plants (suction ventilation)

· Pressure ventilation plants 

· Suction and pressure ventilation plants (compound ventilation)

Venting plants

Venting plants suck air from a room with a fan and expel it either directly or through ducts into the outside atmosphere. At the same time, air from outside flows in through neighbouring spaces or doors, windows and other openings (see Fig. 10).

Fig. 10 Venting plant

[image: image15.jpg]Fig. 16

(I

Liftungsanlage zur Raumluft-Erwarmung und
-Kihlung

Heizregister

Kihlregister

Raumtemperaturfihler
Raumtemperaturregler
Grundlastheizung
Aussentemperaturfiihler
Temperaturregler der Grundlastheizung

NOOBAWN=




English translation of technical terms and sentences in Fig. 10:

1 Entlüfteter Raum







=

vented room





2 Ventilator











=

fan





3 Fenster, Türen usw.





=

windows, doors etc..

Because venting in a space results in an under-pressure, it is especially suitable for preventing the circulation of bad air into neighbouring rooms. As a result, it is mainly used in smaller rooms with high levels of air deterioration through gases, steam, odours or high temperatures; for example, kitchens, lavatories, changing rooms, laboratories, transformer rooms, battery rooms, etc.

Pressure ventilation plants

In contrast to the venting plant, the pressure ventilation plant sucks air from the outside and presses it into the room to be ventilated, whereby surplus air flows out again through doors, windows, other openings and gaps into neighbouring rooms, or through ducts into the outside atmosphere (see Fig. 11). The system thus creates an over-pressure in the room, which makes the inflow of undesirable air (dust) impossible.

Fig. 11 Pressure ventilation plant
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English translation of technical terms and sentences in Fig. 11:

1 Belüfteter Raum








=


ventilated room

2 Ventilator












=


fan

3 Fenster, Türen usw.






=


windows, doors, etc..

Compound ventilation (Suction and pressure ventilation plants)

In larger spaces, such as halls of any kind, theatres, cinemas, restaurants, etc., it is always advisable to carry out a simultaneous venting and ventilation procedure. The first supplies a flow of fresh air from outside, while the second carries out a controlled removal of used air (see Fig. 12).
The incoming and outgoing air capacities of both ventilators should only differ when an over-pressure or under-pressure should be maintained in a room.

Fig. 12 Compound ventilation
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English translation of technical terms and sentences in Fig. 12:

1 Raum















=


room

2 Zuluft-Ventilator








=


supply air fan

3 Abluft-Ventilator







=


extract air fan

1.2.3

Functions of ventilation plants

Ventilation systems can perform one or more of the following functions:

· Air renewal

· Air heating

· Air cooling

· Air humidification

· Air dehumidification

Air renewal

The ventilating plant shown in Fig. 13 performs the functions of removing used air and drawing in fresh outside air. The main components of this system are: 2 fans (supply air fan and extract air fan), air heater, air filter, air ducts for the air being forced in and out of the space and ventilation dampers. In order to prevent a cooling off of the ventilated room in winter, the drawn in outside air must be warmed before it is blown into the room. The injection temperature, also known as the supply air temperature, is oriented to the type of room to be ventilated (hotel kitchen, storage room, changing room, underground parking garage), and is, independent of the current outside temperature, set to a constant set value (supply air temperature control). If there is no significant level of extraneous heat in the concerned space, then the supply air temperature should generally be the same as the desired room temperature maintained by, for example, a radiator. An existing basic load heating unit must be set according to the room temperature or the outside temperature.

The following will explain the various functions in somewhat greater detail.

Fig. 13 Ventilation system for room air renewal
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1


=

Outside air

2


=

Air damper with actuator

3


=

Air filter

4


=

Air heater

5


=

Supply air fan

6


=

Supply air

7


=

Room

8


=

Radiator

9


=

Extract air

10

=

Extract air fan

11

=

Exhaust air

12

=

Supply air temperature detector

13

=

Temperature controller

Warming of outside air takes place with the help of an air heater. Such units are manufactured for all the common heating media, such as electricity, hot water or steam. In order for the air to be injected into the space with a constant temperature, the ventilation system must be set to the appropriate supply air temperature. In other words, the ventilation plant temperature detector must be mounted in the supply air duct. The supply air controller then compares the temperature measured by the detector with the selected set value.

Heating room air

The heat loss which takes place in a room, the so-called heating load, is caused by the transmission of heat through walls, windows, etc. While a constant room temperature, excluding temporary disturbances, is achieved where there is a ventilation system for room air renewal, through the fact that the heating load is covered by, for example, a radiator set independently of the room temperature, this heating load can be split up for a ventilation system for room air warming between the radiator and the ventilation system (see Fig. 14). The heating capacity of the radiators, also known as basic load heating, can thereby be reduced to the extent that only a warm air veil in front of the windows is achieved. This thereby hinders cold falling air near the windows, which can lead to draughts.

The establishing of basic load heating is dependent upon weather factors. This is because the ventilation system  is set dependent upon room temperature (2 room temperature settings influence one another, which leads to instability).

Fig. 14 Ventilating plant for room air heating
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1

=

Air heater

2

=

Weather-dependent basic load heating 

3

=

Ventilating plant room temperature detector

4

=

Ventilating plant controller

5

=

Outside temperature detector for basic load heating

6

=

Controller for basic load heating

The controller then compares the room temperature measured by the detector with the desired set value. Where there is a deviation, the controller carries out a modification of the heating capacity of the air heater. In other words, the height of the supply air temperature is changed in such a way that, with a given basic load heating, the room temperature remains constant even at the coldest measured outside temperatures and variable extraneous warmth conditions.

The supply air drawn into the ventilated room (theatre, cinema, office space) by the ventilating plant will be, depending upon the allocated heating load and the amount of extraneous warmth in the room, warmed to a temperature of between 30 ...50°C. The heat loss from the space is thereby covered, which results in the desired room temperature. The breakdown of the heating capacity can thereby be illustrated as follows:

Output of basic load heating

+

Extraneous heat

+

Heating capacity of the ventilating plant
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=

Currently necessary heating capacity

In order to ensure that the heating output of the ventilation system is always adjusted to requirements, the temperature detector is no longer mounted in the fresh air duct, but instead in the affected space.

Cooling room air

Where ventilating plants with room temperature warming are present, the constancy of the room temperature is achieved in that the heat loss is compensated for by a supply air temperature which is higher than the room temperature. With ventilating plants with room air cooling, however, additional air must be injected under the desired room temperature in order to compensate for extraneous and transmission heat. Air cooling mostly takes place through air cooler batteries through which cooled water flows. The temperature controller (see Fig. 15) thereby compares the temperature measured by the room detector with the selected set value. Where there is a deviation, the controller carries out a modification of the cooling capacity. The higher the room temperature climbs as a result of extraneous heat, the colder the temperature of the injected supply air. This ensures that the room temperature constantly remains at the desired level. In order to avoid draughts, with comfort systems, the temperature difference between the desired room temperature and supply air temperature should not exceed app.  4...6 K.

The total of extraneous heat entering the room is known as the cooling load. Such extraneous heat sources include, among others:

· Heat dissipation from people (person at rest ca. 100 W)

· Heat dissipation from machines, apparatus and lighting systems

· Heat transmission from walls and windows

Fig. 15 Ventilating plant for room air cooling
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English translation of technical terms and sentences in Fig. 15:

1 Kühlregister











=


Air cooler

2 Raumtemperaturfühler




=


Room temperature detector

3 Temperaturregler







=


Temperature controller

Heating and cooling room air

In order to maintain a prescribed room temperature throughout the year, i.e. under all heating and cooling basic loads, the ventilation system must be equipped with components for both the heating and cooling of room air, meaning specifically, air heater and cooler batteries, as well as a corresponding control device (see Fig. 16).

Fig. 16 Ventilating plant for heating and cooling room air
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English translation of technical terms and sentences in Fig. 16:

1

Air heater

2

Air cooler

3

Room temperature detector

4

Room temperature controller

5

Basic load heating

6

Outside temperature detector

7

Basic load heating temperature controller

Humidifying room air

The moisture content of the air plays an important role in ventilation and air conditioning technology, although even the absolutely largest quantity of water vapour in the air under the relevant air conditions cannot physically exceed more than a few grams per kilogram of air.

It is the function of the humidifier to insert the necessary water quantity into the room air, whereby the relative humidity will also increase. The water supply can take place in that water or steam is sprayed into the supply air duct. We thereby differentiate between the following central humidifying procedures:

· Direct injection of steam into the room air or into the supply air duct, whereby the steam is created by electrical equipment or steam boilers.

· Water atomisation through nozzles, with or without compressed air (air washer), and/or by motor driven rotating discs (rotary sprayer) in the additional air duct. Humidifiers are used in the textile, film, tobacco and paper industries, as well as in printing houses, museums and air conditioning plants, etc.

Dehumidifying room air

Dehumidifiers have the function of reducing the absolute moisture content in room air. With this we mean that the excess moisture in the space must be removed by the ventilation system. However, at a certain temperature, air can only absorb a certain water quantity before it reaches its saturation point. The amount of moisture which can be removed by the ventilating plant is dependent (at a given air quantity and air temperature) upon the absolute humidity of the supply and room air. This means that the decisive factor is the difference between the supply air and room air humidity. In order that the difference is as great as possible, the supply air is humidified. This can take place through:

· Cooling of the supply air, for example, by an air cooler battery, to the point at which the saturation level of the air

· is reached, and, as a result, the surplus moisture is extracted as condensation, or, through the absorption of the moisture content of the air by hygroscopic solid materials such as silica gel or a hygroscopic saline solution (calcium chloride).

Both methods of dehumidification are also possible through the installation of dehumidifier units in the affected room.

Air dehumidification is used in air conditioning plants, as well as for special operations in the chemical, pharmaceutical, and electrical industries, where a low air humidity is necessary.

1.3

Air-conditioning plants

Air-conditioning plants have the function of renewing air in a space (air renewal), as well as of creating and maintaining (air treatment) a room temperature and room humidity within particular predetermined tolerance levels, independent of external climate and the activities in the space. The condition of the room air can be either adjusted to the requirements of the occupants, or determined according to the manufacturing processes. The result is that the entire air-conditioning technology realm is subdivided into the following main areas:

· Comfort air-conditioning plants

· Industrial air-conditioning plants

· Special application air-conditioning plants

Air renewal has the purpose of removing impurities from the room air (gas, steam, dust, odours), so that they do not have irritating or even harmful effects on health, or disturb work procedures in work areas.

Air treatment means the technical process of making air suitable for the generation of a desired air quality status. Air-conditioning units therefore contain devices for the purification and conveyance, warming and cooling, humidification and dehumidification of air, as well as an automatic temperature and humidity control system.

Fig. 17 Air-conditioning plant
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English translation of technical terms and sentences in Fig. 17:

1

Vorwärmen














=


Pre-heating

2

Kühlen, Entfeuchten









=


Cooling, dehumidification

3

Nachwärmen













=


Re-heating

4

Befeuchten















=


Humidification

5

Raumtemperaturregelung





=


Room temperature control

6

Raumfeuchteregelung








=


Room humidity control

7

Vorwärmerregelung









=


Pre-heater control

Comfort air-conditioning plants

Comfort air-conditioning plants should create and maintain a year round comfortable room ambient for the occupants of all kinds of spaces, such as theatres, cinemas, halls, assembly halls, shops, office spaces, etc.

Industrial air-conditioning plants

In contrast to comfort air-conditioning plants, these have the task of creating and maintaining a desirable air quality level for production or storage purposes. Many products can be produced without difficulty only under specific air conditions. For example, in the textile industry it is essential that the room air has a humidity of between 70 ... 80 %, depending upon the materials in use. Similar figures apply to the tobacco industry. Further common areas of usage for industrial air-conditioning plants include the synthetic fibre, leather goods, paper and chemical industries, as well as foodstuff manufactures. This can have the result that, depending upon the area, the room conditions lie far outside the comfort zone of the occupants.

Special application air-conditioning plants

Here we are referring especially to air-conditioning units for measuring rooms, operating theatres, testing rooms and computer rooms. Such ventilation technology systems must operate according to very demanding specifications with regard to precision of room temperature and humidity, air purity and noise levels.

1.4

Basics of design calculations

1.4.1
Air flow rate (Air volume) V

Air flow rate V is the volume of air flow per unit of time, and is expressed in m3/h or m3/s. Depending upon the type or application of the relevant plant, it can be measured in various ways:

· according to the balance equation

· according to the air flow rate of outside air

· according to the air exchange rate

· according to the worsening of air quality

The exact determination of the necessary air flow rate can take place by means of the so-called balance equation corresponding to the desired task, e.g. heating, cooling, humidifying, dehumidifying (heat or humidity balance of a room). An indispensable aid for calculation is the h-x psychrometric diagram which contains all of the relevant states of air depicted graphically. The set-up and usage of this diagram will be explained in further documents.

Air flow rate of outside air

The air flow rate of outside air specifies the volume of outside air which must be supplied to a room per person per hour in order to avoid a health damaging decrease in air-quality. In rooms in which a decrease in air quality is mainly caused by the occupants themselves, the air flow rate of outside air is determined based upon the number of occupants. The following minimum values have been set for assembly halls, cinemas, etc.:

· Rooms where smoking is prohibited:

20 m³/h per person

· Rooms where smoking is permitted:

30 m3/h per Person

Ideally these minimum values should be exceeded for hygienic reasons by about 10 m³/h per person. The mentioned air flow rates of outside air are valid for temperatures between 0°C and +26°C. For reasons of energy conservation, the air flow rate of outside air can be reduced at temperatures lower than 0°C and above 26°C, namely, by up to 50 % of the minimum rate for extreme values of outside temperature. Because the outside air volume does not only depend upon the occupancy of a room, but also upon several other factors, e.g. the size of the room, the duration of occupation, etc., there are numerous cases where the application of deviating air flow rates is fully justified.

Air exchange rate

The air exchange rate specifies how often the air content of a room is renewed each hour (see table).

Air flow rate V = Room volume x air exchange rate

If the air in a room having a volume of 1000 m3 should be changed 5 times per hour, the necessary air flow rate per hour will be:

V = 1000 m3 x 5/h = 5000 m3/h

The necessary air flow rate is, however, not only dependent upon the room volume, but also from the height of the room, its position, the degree of air quality deterioration, etc. Therefore, the empirical values for air exchange can vary greatly.

Hourly air exchange for various room types (according to Recknagel-Sprenger):

Room type









Hourly air exchange rate

Lavatories









4-8 times

Bathrooms









5-8

Libraries










3-5

Offices












4-8

Paint spraying rooms


20-50

Garages











4-5

Changing rooms





4-6

Restaurants









4-8

An important criterion for the extent of air renewal in rooms occupied by large numbers of people is also the available air space per person. It is determined as follows:

Room volume/Occupancy = m3 air space per person

If a cinema has 500n seats and a room volume of 4000 m3, the air space will be 4000 m³ /500 = 8.0 m³ / person.

In order to meet the demands using only simple ventilation plants, i.e. without special air treatment, the air space for assembly halls and similar rooms should, whenever possible, not be less than 6...8 m3 , and not less than 10...15 m3 per person for industrial areas.

Where there is no additional air pollution from other sources, the air exchange rate can be reduced in correspondence to the air space of the room. In an especially high room where smoking is not permitted, there is an available air space of 20 m3 or more. Thus there is no need for forced ventilation, since its air content will be naturally renewed approximately once per hour, whereby, for example, the German VDI ventilation regulations are sufficiently fulfilled.

Air pollution

In factory rooms where measurable levels of harmful gases, vapours or dust exist, or where the room temperature rises excessively due to the heat dissipation of persons, machinery, industrial ovens, etc., one can calculate the air volume which must be supplied to a room in order to achieve a certain level of purity of the room air. This type of calculation is known as the balance. This is because its primary purpose is to show a balance on the basis of the highest tolerable level of air pollution or temperature increase. The calculation formula is:
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English translation of technical terms and sentences in the formula above:

Luftmenge V
=

Air quantity V

K








=

hourly production of gas, vapour or dust in m3/h or mg/h

ki








=

highest tolerable quantity of harmful elements in the room air in m3/m3 or mg/m3 

(MWC values; maximum workplace concentration of health damaging materials)

ka








=

quantity of harmful elements in the supply air in m3/m3 or mg/m3

1.4.2 Heat balance in a ventilated room

On the one hand, a ventilated room is supplied with warmth from various sources. On the other hand, it constantly dissipates heat. A constant room temperature is attained when the supplied heat is equal to the dissipated heat.

Fig. 18 Heat balance of a ventilated room in a heating operation
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1

=

Transmission heat

2

=

Extraneous heat

3

=

Basic load heating

4

=

Ventilation heat

5

=

Exhaust air

t1
=

Room temperature

t2
=

Supply air temperature

t3
=

Outside temperature

In a heating operation, the heat balance of a ventilated room can be divided into the following components (see Fig. 18):

· Transmission heat

· Extraneous heat

· Basic load heating

· Ventilation heat

The exhaust air has the same temperature as the room air, and is therefore to be considered as neutral with respect to heat balance.

Transmission heat (Heat load)

Transmission can be best understood as the heat exchange of a room with its surroundings caused by heat transfer. For an entire building, the transmission losses depend upon the average heat insulation of the outside walls (k value, in W/m2 x K), the surface area A of the outside walls in m2 and the temperature difference between the room temperature t1 and the outside temperature ta. As a result, the transmission heat requirement Q in J/s = W is determined according to the following basic formula:

Q = k x A(t1 - ta)

For calculating the actual transmission losses, t1 will function as the prevailing room temperature; and for calculating the heat requirement, as the desired room temperature. For a ventilated single room the conditions are not so clear. This is because several, or even all six surrounding surfaces may border on other rooms. Nevertheless, the mathematical formula applicable to a building is also applicable to a room, because adjoining rooms have either a similar constant temperature (own heating system) or they modify their temperature in accordance with the outside temperature.

Extraneous heat

This term can be understood as all of the heat in a room which results from people, lighting, machines, etc. For the purposes of calculation, radiation heat which enters the room through the window can also be treated as extraneous heat.

Extraneous heat is not taken into account as a design consideration for ventilating plants with room air heating. This is because the prescribed temperature should also be maintained even where this heat source is not present. Extraneous heat can nevertheless be recorded by the temperature control device and thereby used to heat the room.

Basic load heating

In a ventilation plant designed for heating room air, the basic load heating can supply either the entire transmission heat (heat load), or just a part of it. In order to prevent the plant from also expelling the unused extraneous heat along with the used air into the atmosphere, the basic load heating must be reduced. Thereby room is created for the extraneous heat. The output of the basic load heating (e.g. radiator heating) is therefore designed to ensure that even in the case of maximum extraneous heat the temperature of the basic load heating always lies below the minimum permissible supply air temperature (energy waste). This generally results in a basic load room temperature of 12 ... 15°C.

Ventilation heat

The heat output Q in kJ/s = kW supplied to the room by the ventilation plant depends upon the air volume V in m³/s and upon the difference between supply air temperature t2 and the room temperature t1.
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English translation of technical terms and sentences in the formula above:

p

=

Air density

c

=

Specific air heat
Plant data

The following two plant specifications are very useful for judging the control behaviour of a plant and for the proper setting of the controls:

· Plant slope

· Plant amplification

Plant amplification

When looking at the room as a controlled system, the supply air temperature t2 can be considered as the input value and the room temperature t1 as the output value. If the supply air temperature is changed by the value Δt1, the room temperature would also change by this value after a period of time (see Fig. 19). This relationship is known as plant amplification.

Fig. 19 Example of plant amplification 0,2
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English translation of technical terms and sentences in Fig. 19:

Anlagenverstärkung

=


Plant amplification

Δy

=

Correcting variable change

Δt2
=

Supply air temperature change

Δt1
=

Room temperature change

Plant amplification thus expresses the amount of change in the room temperature when the supply air temperature is changed by, for example, 1 K, all the other conditions remaining constant. Although a necessary change in the supply air temperature is dependent upon the air exchange rate (a lower air exchange rate requires a greater change in the supply air temperature), experience shows that the plant amplification is generally of the order of approximately 0.2. Basically, the higher the slope, the smaller the plant amplification.

Plant slope

For a desired constant room temperature, the transmission heat increases linearly with sinking outside temperatures ts. In order to now cover the increasing heat loss, the supply air temperature t1 must also be raised linearly (not taking extraneous heat into account). The proportionality factor of such a heating curve is known as slope.
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English translation of technical terms and sentences in the formula above:

Anlagensteilheit

=


Plant slope

Plant slope is thus dependent upon the necessary change in the supply air temperature Δt2 per K change in the outside temperature Δt3 and the necessary change in supply air temperature is, in turn, determined by transmission (insulation) and the specified air exchange rate.

1.4.3
Calculation formulae

Room air renewal

If the necessary outside air volume \/3 has been determined in m3/s for the ventilated room shown in Fig. 20, the heat output Q of the air heater, expressed in kJ/s = kW, necessary for heating the outside air at the temperature t3 to the supply air temperature t1, can be calculated from the following equation:

Fig. 20 Room air renewal
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English translation of technical terms and sentences in Fig. 20:

Wärmeleistung







=


heat output

Zulufttemperatur






=


supply air temperature

Außenlufttemperatur



=


outside air temperature

Aussenluftmenge






=


outside air volume

Dichte der Luft







=


air density

Spez. Wärme der Luft


=


specific air heat

The quantity of outside air may be reduced in comfort plants for outside temperatures under 0°C in order to avoid excessively large air heaters and, thereby, uneconomical heating operations. In most plants, a portion of already heated room air (V1, t1) is therefore mixed with the outside air (V3, t3) (see Fig. 21). The temperature t4 of the air mixture is determined from:

Fig. 21 Room air renewal with return air mixing
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English translation of technical terms and sentences in Fig. 21:

Mischluftmenge





=


air mixture volume

Mischlufttemperatur



=


air mixture temperature

Room air heating

As we have already seen from point 1.4.2 (Basic load heating), it is possible to cover the whole or just a part of the transmission heat requirement using the ventilation plant.

If the required heat output Q of the ventilation plant, as well as the difference between the maximum supply air temperature t2 and the desired room temperature t1 is known, the air quantity can be calculated as follows:

[image: image31.png]LaL

Lum

und

mumM

AL

bilden




If this plant serves simultaneously for the renewal of air in the relevant room, the calculated air volume must also correspond to the entries made under point 1.4.1.

For a given air volume V, the temperature difference between the supply air temperature t2 and the desired room temperature t1 necessary for attaining a specified heat output Q, can be calculated as follows:
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For a given air volume V in m3/s and an established difference between the supply air temperature t2 and the desired room temperature t1, the necessary heat output will be:

Q = V x p x c (t2 - t1)

We stress here once again that the just calculated heating output Q is only that output which influences the temperature conditions in a room. For the specification of the air heater output, however, a certain capacity for the purpose of heating the drawn upon outside air volume V3 with the temperature t3 to the desired room temperature t1 must be added to it. For a complete outside air operation, the outside air volume corresponds to the volume of supply air. Heat loss through the walls of the air ducts are not taken into account here:

Air heater output


=


Output for room air renewal + output for room air heating

Room air cooling

For a given cooling load Q of a room and an established temperature difference between the desired room temperature t1 and the supply air temperature t2, the supply air volume V in m3/s necessary for the removal of heat can be calculated from the following equation:
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Because dehumidification (removal of a part of the water vapour contained in the air, whereby additional condensation heat is also released) usually accompanies the cooling of air, and warmer outside air must be cooled to the desired room air temperature, the necessary air cooler rating is comprised of the following:

Air cooler rating

=


Dry cooling load (cooling) + humid cooling load (dehumidification) + 

outside air cooling and dehumidification

The simplest method of calculating the air cooler rating is to use the Mollier or Carrier charts.

Room air humidification

The water quantity x (g/s) to be absorbed by air per second in a humidification plant is calculated as follows:

x = V • p(x1 - x4) + Δx

This means:

x1


=


Desired moisture content of room air in g/kg

x4


=


Moisture content of air before the humidifier

Δx
 

=


Moisture content absorbed in room in g/s. (Generally not taken into account. Only a factor

for rooms in which very hygroscopically sensitive goods are processed.)

Room air dehumidification

Drier supply air is directed into a room in order to extract excess moisture content Δx (g/s). Decisive factors are, on the one hand, the moisture difference between the desired room air moisture x1 and the supply air moisture x2, and on the other hand, the supply air volume V in m3/s. With a given difference x1 - x2 , the required air volume will be:
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2.
Model plant for technical service exercises

An experimental plant for the training of service technicians has been developed and constructed for the project partner from Meran. This model plant contains all the components of a complete air-conditioning plant, including a refrigerating set and a test room. The control was realised with a direct digital control, so that the area of control technology as an enhancement to electrical engineering (see MODULE V) could also be demonstrated and practised.

Description of the plant:

An actual room will be air-conditioned with this plant in order to achieve realistic conditions. The plant has been designed as a complete air-conditioning plant, and constructed in such a way that the processes in the plant are visible at all times. This means that all construction elements of the air-conditioning plant have been provided with a Plexiglas pane in front. Due to the limited spatial conditions, especially in classrooms, it seemed sensible to construct the complete air-conditioning plant at a 1:2 scale, instead of with standard sized components, in order to achieve smaller dimensions. The mounting was designed in such a way that parts of the plant could be covered by plates, allowing all partial functions, from the ventilating plant to the complete air-conditioning plant,  to be explained step by step. In extreme cases all of the construction elements can be hidden by plates (see Fig. 22). Control is realised by means of a DDC. Thereby, up to eight prepared control elements of the individual procedures can be tried out.

The air-conditioning plant was constructed as follows:

Modular type with view window and pre-heater, filter, heat recovery, re-heater, cooler, humidifier (steam), fans for supply and exhaust air, mounted completely on a movable housing with a writing platform. The plant is constructed in such a way that a modular set-up, from the simple ventilation plant to the complete air-conditioning unit, is possible without a great deal of rebuilding. In addition, the individual components are constructed in a reduced scale. The maximum dimensions of the functional units are: circa: 30 x 30 x 30 cm, WRG: 30 x 30 x 50 cm. Because we are dealing here with a training air-conditioning plant, the design of the plant allows for a maximum capacity of 5 kW. All components are co-ordinated to this capacity.

In detail these are:

1 x pre-heater of sheet metal parts, powder coated with Plexiglas sheets on both sides, and with a quick opening mechanism.

Measurements:


30 x 30 x 30 cm

Capacity:






5 kW through electric heating bars – directed with a frequency converter for

continuous capacity control

Voltage:







400V/16A

1 x filter of sheet metal parts, powder coated with Plexiglas sheets on both sides, and with spring-loaded latches.

Measurements:


30 x 30 x 30 cm

Filter type:






Pouch filter

1 x re-heater of sheet metal parts, powder coated with Plexiglas sheets on both sides, and with spring-loaded latches.

Measurements:


30 x 30 x 30 cm

Capacity:






3 kW through electric heating bars - directed with a frequency converter for

continuous capacity control

Voltage:







400V/16A

1 x humidifying chamber of sheet metal parts, powder coated with Plexiglas sheets on both sides, and with spring-loaded latches.

Measurements:


30 x 50 x 30 cm

1 x steam humidifier
Capacity:

2 kW through electric heating bars – directed for continuous capacity control, with water storage tank (plastic), safety shut-off device, electro-valve in the water intake 3/8", digital display field for monitoring steam output (ca. 2 kg/h) and a malfunction indicator with a coded error alarm, with steam lance to be installed in the humidifying chamber

Voltage:


400V/16A

1 x refrigeration chamber of sheet metal parts, powder coated with Plexiglas sheets on both sides, and with spring-loaded latches.

Measurements:


30 x 30 x 30 cm

1 x refrigerating set in a compact construction type, with a hermetical compressor, condenser with ventilation wheel, evaporator block built into the refrigeration chamber and a secondary mist collector. The plant must be operated as a split plant in order to prevent the heat extracted from the air from being blown into the test room.

Capacity:






ca. 3 kW refrigeration

Voltage:







400V/16A

2 x fan chamber of sheet metal parts, powder coated with Plexiglas sheets on both sides, and with spring-loaded latches.

Measurements:


30 x 30 x 30 cm

2 x fans installed radially in the chamber, directed for continuous capacity control.

Capacity:






max.  1000 m³/h

Voltage:







230V/16A

1 x heat recovery chamber of sheet metal parts, powder coated with Plexiglas sheets on both sides, and with spring-loaded latches.

Measurements:


30 x 50 x 30 cm

1 x counter-current heat exchanger, installed tangentially in the chamber, design in CU for air volume of 1000 m³/h, transmission coefficient of at least 50%.

1 x air mixing chamber of sheet metal parts, powder coated with Plexiglas sheets on both sides, and with spring-loaded latches, with 3 motorised adjustable valves.

Measurements:


30 x 30 x 30 cm

Control unit
for protruding air-conditioning plant in direct digital control operation with all control organs, such as servo-motors, FU for the electrically heated pre- and re-heater, valve control, temperature and humidity sensors, pressure differential measurement, direction of the refrigerating plant and the humidifier. All measured values can be cancelled over the DDC display.

Other components:

1 x portable measurement device with PC connection for measuring: humidity ( 2 sensors), temperature (4 sensors), differential pressure (1 measuring point through pitostatic tube measurement), velocity ( 1 hydrometric vane)

These values are available through a PC data cable through an RS 232 interface. An appropriate measurement data recording program is at your disposal, which displays the operational status in an online h-x diagram.

Fig. 22 Complete air-conditioning plant
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3.
Control functions (of air-conditioning plants)

3.1 Practical experiment instructions

With the plant described in point 2, a number of experiments can be carried out which are absolutely necessary to the service technician training process in the refrigeration / air-conditioning technology branch. Such experiments are especially important in making clear the necessity of training in the control technology sector. The following will show some of these experiments in the form of examples:

Experimental set-up 1:
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Measurement points:
Y = velocity, V = temperature, P = pressure, φ = humidity

Experiment goal:

Cooling – Surface cooling with dry cooling surfaces

Work plan:

Put a fan into operation (number of revolutions 100 %)
Put a refrigeration plant into operation

Open valve 1 and screen 3 

Close valves 2 and 6
Measurements:

Relative humidity (measuring location: C, E)

Temperature (measuring location: C, E)

Velocity (measuring location: C, -)

· Enter measurement values in the table

· Enter conditions of air LC and LE in h-x diagram

· Identify the change of state with the connecting straight line

· Read the atmospheric density and enter it in the table

· Calculate the mass flow

· Determine enthalpy from h-x diagram

· Determine diverted heat quantity QK 

Questions regarding findings:

1. Why doesn’t water vapour condense on the cooler ?

2. Why does the change in conditions run parallel to the X line?

3. Explain why the cooler temperature must be lower than the air temperature at measuring point E ?

Solutions:

1.:

The temperature of the cooling surface is higher than the dew point temperature.

2.:

Absolute humidity remains unchanged.

3.:

Only part of the air has close thermal contact with the cooling surface. (Bypass effect)

Experimental set-up 2:
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Measuring points:
Y = velocity, V = temperature, P = pressure, φ = humidity

Experiment goal:

Air humidification

Work plan:

Experiment l (rotations per minute 100 %)
· Put fan into operation

· Open valve l and screen 3
· Close valves 2 and 6
· Activate humidifier

· Measurements

Relative humidity (Measuring location: C, E)

Temperature (Measuring location: C, E)

Velocity (Measuring location: C, -)

· Enter measurement values in table

· Enter states of air C and E in the diagram

· Enter directional straight line in the h-x diagram

· Determine heat content increase

· Determine water content increase

· Determine heat content hC of the supplied vapour (hC = Δh/Δx)

· Take a reading of atmospheric density C and enter it in the table

· Calculate mass flow m

· Calculate vapour consumption per hour and compare it with the value displayed on the instrument

Questions to findings:

1. What are the effects of adding vapour to the air ?

2. How does one find the direction of the change in conditions in the h-x diagram when the heat content hC of the vapour is known ?
Solutions:

1.:

Humidity and heat content of the air climb.

2.:
The heat content hC can be measured off on the margin scale of the h-x diagram. The straight line from 0 °C to hC gives the direction of the change in conditions.

Experimental set-up 3:
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Measuring points:
Y = velocity, V = temperature, P = pressure, φ = humidity

Experiment goal:

Mixing air

Work plan:

· Put fan into operation

· Put refrigeration plant into operation

· Open screen 3 by ca. 1/3 – unhinge rod assembly

· Open re-circulation air cap 6 completely

· Open outside air valve 6 completely

· Measurements

Relative humidity (measurement location L, C, A)

Temperature (measurement location L, C, A)

Velocity (measurement location L, C, A)

· Enter values in table

· Enter air states in h-x diagram

· Draw connecting straight line for air states

· Read atmospheric density and enter it in the table

· Calculate mass flow

· Determine mixing point straight line

· Relationship
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Finding:

The mixing point divides the connecting straight line L UM ..... L AL in two sections L UM and L AL which exist in  a conversely proportional relationship to both of the affected air quantities. It always lies closer to the air state from which the larger quantity of the mixture is taken for the mixture.

Experimental set-up 4:
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Measuring points:
Y = velocity, V = temperature, P = pressure, φ = humidity

Experiment goal:

Fan characteristic line (static pressure)

Work plan:

Variant 1:

Rotations per minute 100 %
· Put ventilator into operation

· Close Plexiglas coverings 4 + valves l and 6
· Open valve 2 and screen 3 (Δp = 0 don’t pull screen out completely)

· Measurements

Pressure differential Δp measurement point H and L

Velocity of flow v measurement point H

Carry out at least 3 measurements distributed over the cross-section

· Enter values into the table

· Calculate mass flow

· Enter values in characteristic line sheet

Variant 2:

Rotations per minute 100 %
· Close screen 3

· Carry out further experiments as in variant 1

Variant 3:
Rotations per minute 100 %
· Set screen 3 to pressure differential of: 100 Pa, 200 Pa, 270 Pa, u 350 Pa 

· Carry out further experiments as in variant 1

Variant 4:

Same as in variants 1 to 3, but with modified rotations per minute. Suggestion: 62%, 50%, 30%

3.2

Control technology basics (Mollier diagram)

3.2.1
Dew point temperature control

The function of an air-conditioning plant is to maintain the temperature and relative humidity in a ventilated room (or rooms) at a pre-set constant value independent of the state of the outside air and the conditions prevailing inside the room. Therefore, procedures must be applied which enable the heating, cooling, humidification and dehumidification of the air. Thereby, the various components of the plant have to be arranged and co-ordinated in such a way that meaningful combinations result. For humidity control, one differentiates mainly between two methods:

· Indirect humidity control using the dew point temperature for the desired state of the room air

· Direct humidity control using the humidity detector in the affected room.

Dew point temperature control

Although we are interested both in temperature and relative humidity, only the temperature is controlled in the case of dew point temperature control. Therefore, the expenditure for the necessary apparatus is relatively low. However, for economic reasons (operating costs), direct humidity controls are nowadays preferred for conventional air-conditioning plants.

Application:

Dew point temperature control was previously only employed in rooms in which the room humidity fluctuated within specific limits, i.e. offices, conference rooms, sales rooms, etc. This is because the influence of extraneous heat shift in room temperature in summer due to the outside temperature compensation, the accompanying rise in the room temperature set value and humidity deviations (extraneous humidity, humidity loss) are recorded by the control device only with the help of auxiliary detectors.

At the present time, for economic reasons, the dew point temperature control is recommended solely for the central treatment of air in high pressure plants (single and dual duct systems with induction units and mixing boxes), or where the use of an air washer for purifying the air is unavoidable. Nevertheless, a few possible methods of extending the dew point temperature control possibilities for the purpose of air-conditioning individual rooms will be dealt with in the following section.

Layout (see Fig. 23):
The dew point temperature control circuit uses a temperature detector 1 (dew point temperature detector) mounted between the humidifier and the re-heater, which uses the dew point temperature controller 2 to operate the pre-heater and cooler valves. These two mechanisms operate in sequence.

The flow rate of the humidifier is constant and the humidifier pump runs continuously when the plant is in operation.

The control of room humidity using the dew point method necessitates a re-heater in conventional plants, the heating output of which is determined by the room temperature controller.

The plant can be supplemented with a supply air temperature low limiter and an outside temperature shift controller, as well as with outside air / circulation air dampers.

Fig. 23 Layout of a dew point temperature control circuit
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Dew point temperature control detector

2




=

Dew point temperature controller

3




=

Room temperature detector

4




=

Room temperature controller

5




=

Frost protection thermostat

6




=

Supply air temperature low limiter

7




=

Outside temperature shift controller

A .. F

=

Different states of air in the psychrometric (h-x) diagram

Description of function:

Control:

The air drawn in by the fan is saturated with water vapour in the humidifier to such a degree that it attains (not taking into account the humidifier efficiency) the dew point temperature (100% relative humidity). With the aid of the dew point temperature detector 1 mounted after the humidifier, and by changing the position of the pre-heater valve with respect to the cooler valve, the dew point temperature controller 2 ensures that the pre-set dew point temperature is maintained in spite of the different states of air. The desired room temperature and relative humidity of the room is then achieved following re-heating. For this purpose, another temperature detector 3 is mounted in the room. This works with the controller 4 and the re-heater valve to heat the humidified and cooled air to the necessary injection temperature.

Dew point temperature (see Fig. 24):

In the psychrometrical diagram (h-x), the desired room temperature and relative humidity result in the dew point temperature t1, which, independent of humidifier efficiency, is used as a set value for the dew point temperature controller.

Fig. 24 Determination of the dew point temperature t1 in a psychrometrical (h-x) diagram
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Change of state in a psychrometrical diagram:

In the plant diagram (see Fig. 23), the relevant air states are identified with letters which also appear in the psychrometrical diagram (see Fig. 25 and 26).

Air states in winter (see Fig. 25):
The drawn in air A is heated to state B in the pre-heater. Since the cooler valve is closed, states B and C are identical.

The air is then moistened in the humidifier to its saturation point (neglecting efficiency factor). It is thereby cooled down to the desired dew point temperature D. The pre-heater must thus always heat up the air to such a degree that it attains the dew point temperature after the humidification (function of the dew point temperature detector and controller).

Later, the air is again heated in the re-heater to such a degree (state E) that it covers the heat requirement of the room and hence yields the desired room temperature and relative humidity (state F,  function of the dew point temperature detector and controller).

Air states during the transition period and in summer (see Fig. 26):

The drawn in air A is cooled to state C in the cooler (pre-heater valve is closed, state A = state B). Where the cooler surface temperature t2 is lower than the dew point temperature of air state B, this air will be dehumidified.

The air is then humidified to saturation point (neglecting humidifier efficiency) in the washer. Thereby, it cools down further until the desired dew point temperature D. Thus, the cooler must always cool down the air to the point at which it attains the dew point temperature following humidification (function of the dew point temperature detector and controller).

The air is then heated in the re-heater to the point (state E) that it can cover the cooling load of the room, and thus produce the desired room temperature and relative room humidity (state F, function of the room temperature detector and controller).

Fig. 25 Changing states with dew point temperature control in winter and summer 
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Fig. 26 Changing states with dew point temperature control in the transition period and in summer
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Properties of dew point temperature control:

The relative humidity in the room would change if the room temperature is changed by changing the set value, or as the result of an outside temperature shift. However, a lowering of relative humidity of the room as the result of an increase in the room temperature caused by the outside temperature shift controller is not necessarily a disadvantage. This is because, quite often a decrease in the relative humidity occurring simultaneously with increasing room temperature is found to be more comfortable. If, however, the room humidity remains constant, the temperature must be appropriately adjusted. Humidity disturbances in the room (i.e. extraneous humidity) are not recorded because there is no corresponding detector in the room. The relative humidity is dependent upon the efficiency of the humidifier. In practice this means that the set value of the dew point temperature controller must be set correspondingly higher than the actual dew point of the desired room air state (see Fig. 27).

Fig. 27 Influence of humidifier efficiency on the dew point temperature to be set
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=

Theoretical dew point

D'

=

Dew point temperature to be set (dependent upon humidifier efficiency)

As a result of the specific characteristics of dew point temperature control (the air is always cooled down to the dew point temperature and then reheated) the operation is uneconomical for all outside air states that lie above the dew point adiabate. Two such operational states are shown in the excerpts from the psychrometric diagram (see Fig. 28).

In Fig. 28a the air is cooled and humidified to the dew point. In Fig. 28b the air is also cooled, dehumidified, re-humidified to the dew point and then re-heated to the supply air temperature E required by the room temperature controller. One can immediately recognise that energy is wasted in summer and during the transition period.

Fig. 28 Dew point temperature control in the transition period

a)
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b)
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=

Desired room air state
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=

Required air supply state
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Extraneous heat
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=

Energy waste (dotted)

However, in plants in which a specific supply air temperature has to be maintained basically throughout the year on grounds of technical procedure, i.e. in the case of centralised treatment of the air for air-conditioning plants with induction units or mixing boxes (see Fig. 29), the dew point control method is generally the most reasonable, and the costs for cooling and re-heating are justified.

Fig. 29 Central air treatment plant
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a)

=

Single duct plant (e.g. for induction units)

b)

=

Dual duct plant (for mixing boxes)

1


=

Dew point control

2


=

Supply air temperature control
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=

Cold air duct control

4


=

Hot air duct control

5


=

Supply air pressure control

+


=

Hot air duct

-


=

Cold air duct

Shifting dew point temperature control dependent upon the outside temperature

This control method is appropriate where a movement of the room temperature set value caused by the outside temperature shift controller should not influence relative humidity in the room.

Layout (see Fig. 30a)

The difference in comparison to the plant shown in Fig.23 is that the dew point temperature is changed along with the movement in room temperature dependent upon the outside temperature. For this purpose, the same outside temperature shift detector 3 can be used as that for the shifting rise in the room temperature. This is possible because the shift in both the temperatures runs practically parallel (see Fig. 30b).

Fig. 30 Shifting dew point temperature control dependent upon the outside temperature
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b) t1 = 20 °C - 32°C; t2 = 20 °C - 26°C; t3 = 9°C - 15°C
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a)

=

Control circuit

b)

=

Changes of state 

1


=

Dew point temperature controller 

2


=

Room temperature controller 

3


=

Outside temperature shift detector

t1

=

Outside temperature

t2

=

Room temperature

t3

=

Dew point temperature

Properties:

There will be no disturbances of the relative humidity in the room due to the influence of the outside temperature shift detector. Relative humidity in the room can, however, be disturbed through the following:

· Room temperature change due to a change in the set value

· Extraneous heat which can no longer be diverted from the plant, for example, in cases in which the supply air temperature is maintained at its minimum value by the low limiter.

Extraneous humidity

Dew point control dependent upon the room temperature.

Application:

This method of control is appropriate for plants where the relative humidity in the room should remain constant despite room temperature changes caused by a change in the set value, or through the influence of the outside temperature shift detector.

Layout (see Fig. 31)

The plant operates as previously described. The room temperature is shifted through an outside temperature shift detector 4. A second temperature detector 6 in the room acts as a reference detector for the dew point, and uses the dew point controller 5 to shift the dew point dependent upon the change in the room temperature.

Fig. 31 Dew point temperature control dependent upon the room temperature
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1

=

Dew point temperature controller

2

=

Room temperature controller

3

=

Room temperature detector

4

=

Outside temperature shift detector

5

=

Dew point temperature shift controller

6

=

Dew point temperature shift detector (room temperature)

Properties:

In comparison to the control circuits of Figs. 23 and 30, this system has the advantage that it automatically takes into account the changes in room temperature, the room temperature shifts caused by the outside temperature shift detector or a change in the set value.

Dew point temperature control dependent upon relative humidity in the room

Application: This control method is used in plants in which the relative humidity of the room must remain constant, even where humidity disturbances (e.g. extraneous humidity) take place and the room temperature can change as a result of a change in the set value or the influence of the outside temperature shift detector.

Layout (see Fig. 32):

Fig. 32 Dew point temperature control dependent upon relative humidity in the room
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Dew point temperature controller

2

=

Dew point temperature detector

3

=

Room temperature detector

4

=

Dew point temperature shift detector (relative humidity in the room)

5

=

Shift controller for the dew point temperature 9,3°C

This plant has the same layout as the one shown in Fig. 31. The room temperature shift control has, however, been replaced by a room humidity shift control. As soon as the relative humidity in the room is too low, the humidity detector 4 uses the shift controller 5 to shift the dew point temperature upwards, thereby increasing the absolute humidity of the air being blown into the affected room (see Fig. 33).
Fig. 33 Dew point temperature shift dependent upon relative humidity in the room
(with reference to a room temperature of 20 °C, not taking account of the washer efficiency)
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=

Relative room humidity

Conversely, if the relative humidity in the room is too high, the dew point temperature would decrease. This would result in air with a lower absolute humidity entering the room, until this humidity and the extraneous humidity present in the room amounted to the desired value.

Properties:

As already mentioned in the „Application“ section, the relative humidity in the room can be maintained at a constant level despite humidity disturbances in the room (extraneous humidity, humidity loss) and changes in room temperature caused by a change in the set value or the influence of the outside temperature shift detector.

3.2.2
Direct humidity control

Application:

Direct humidity control is used where the relative humidity in the room should be maintained at a constant level for every outside air state, a change in the set value of the room temperature or room humidity, or where there is extraneous heat or humidity present.

Layout (see Fig. 34)
An air-conditioning plant can attain an exact room temperature and relative humidity only where a temperature detector and a humidity detector is placed in the room to be air-conditioned, or in its extract air duct. The values measured by each detector are transferred to a controller each, which then control the heating and cooling valves (temperature controller 2) and the humidifier and cooler valves (humidity controller 4) respectively.

Fig. 34 Air-conditioning plant, direct humidity control
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=

Room temperature detector
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=

Temperature controller
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=

Room humidity detector
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=
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=
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Humidification is mainly carried out with the following humidifier types:

· Controllable air washer

· Controllable steam humidification

Both types offer the possibility of controlling humidification and dehumidification according to absolute or relative humidity. Since the air cooler has the double function of both cooling (controlled by the temperature controller 2) and dehumidification (controlled by humidity controller 4), it must be placed in front of the re-heater and the humidifier. Depending upon its operational state, the air must either be cooled (temperature controller) and humidified (humidity controller) or it must be dehumidified (humidity controller) and re-heated (temperature controller). The sequence re-heater – humidifier can also be reversed without impairing the function of the plant. The temperature detector 1 and the temperature controller 2, which controls the re-heater valve and (with the priority relay) the cooling valve, ensures that the room temperature remains constant. In addition, a supply air temperature low limiter 6 and an outside temperature shift detector 7 can also be connected to the temperature controller. Humidity control takes place through the humidity detector 3 and the humidity controller 4. This controls the humidifier valve and (with the priority relay) the cooling valve. Because the temperature and humidity controllers regulate the cooling valve, this must always  be automatically allocated (over the so-called priority relay 5) to that controller which presently has the most deviations to deal with, i.e. the greater required cooling output. The separate pre-heater control circuit protects the cooler from frost. On the one hand, the air temperature after the pre-heater must be so low that the cooler valve does not under any circumstances open before the pre-heater valve is closed. On the other hand, it must be high enough to ensure that the dew point temperature does not fall below that of the required supply air when the re-heater valve is closed. In Fig. 35, the set value for the pre-control therefore lies between points B1 and B2. Of course, an air damper actuator for operating the outside and circulation air dampers can also be connected in sequence with the pre-heater valve.

Fig. 35 Determination of the set value for the pre-heater control circuit
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=


Desired state of the room air

E

=


Lowest permissible supply air temperature

B1

=


Upper limit for the pre-heater control circuit (lowest permissible supply air temperature)

B2

=


Lower limit for the pre-heater control circuit (condensation danger)

Air-conditioning plant with controllable air washer (see Fig. 34)

Depending upon the relative humidity 3 in the room, the humidifier valve is constantly controlled by the humidity controller 4. In this way, the humidification efficiency of the air washer can be decreased as desired (see Fig. 36), i.e. the supply air can be humidified to the desired moisture content. The humidifier pump is switched off with an auxiliary switch when the humidifier valve is closed. Thus the pump runs only when really necessary.

Fig. 36 Humidification efficiency of the air washer
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a)

=


Humidification efficiency dependent upon nozzle pressure

b)

=


Explanation of humidification efficiency (B Humidification efficiency of the air washer

P


=


Nozzle pressure of the air washer x1 Assumed lowest absolute humidity x2 Absolute

humidity at room air conditions x3 Absolute humidity at saturation

Changes of state in a psychrometric diagram

In the plant diagram (see Fig. 34), the important states of air are marked with letters which also appear in the psychrometric diagram (see Figs 37, 38, 39).

States of air in winter (see Fig. 37):
The drawn in air is heated from state A to state B in the pre-heater. Because the cooling valve is closed, state B is identical to state C. The air is further heated in the re-heater to a temperature (state E) which will enable it to maintain the desired state of the room air (state F), in spite of the humidification by the value Δx determined by the humidity controller (adiabatic cooling, however, not to the saturation point because controllable). If the temperature of the drawn upon air A is higher than state B, the pre-heater valve remains closed.

Fig. 37 Changes in states with direct humidity control (controllable washer) in winter
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States of air in summer:

Cooling (see Fig. 38): In the cooler, the drawn in air is cooled from state A to the value demanded by the room temperature controller (state A = state B because the pre-heater valve is closed, and state C = state D because the re-heater valve is closed). This value is such that those values for the temperature and relative humidity (state E) are attained which are necessary to maintain the desired state F of the room air. The room temperature controller must also take the additional adiabatic cooling caused by the humidification demanded by the humidity controller into account.

Fig. 38 Air state changes for cooling with direct humidity control
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t1

=

Mean cooler surface temperature

Cooling / Dehumidification:

Since the temperature and absolute humidity at air state A (see Fig. 39) are too high, the air must be simultaneously cooled and dehumidified.

Fig. 39 Changes in air state when cooling/dehumidifying with direct humidity control
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In the first phase the temperature and humidity controllers demand cooling or dehumidification respectively. Which controller determines the position of the cooling valve depends upon the magnitude of the corresponding control deviation. This means that priority is given to the controller which must control the higher load.

The temperature controller demands cooling until the supply air temperature has attained the value (state E*) necessary to maintain the desired room temperature. This air state E* is, however, much too humid. The result is that the humidity controller demands further dehumidification (cooling). But the dehumidification results in a cooling of the supply air, to the point at which the room temperature sinks below the desired value. However, this is prevented by the room temperature detector, which begins to open the re-heater valve.

The humidity controller demands dehumidification until the absolute humidity of the supply air has attained the value (state C/D) necessary to maintain the desired relative humidity in the room. Subsequently, the room temperature controller must again heat the dehumidified (and cooled) air to the supply air temperature E necessary to maintain the desired room temperature..

Steam humidification

In the case of humidification with steam at, for example, 100°C, the direction of the state change in a psychrometric diagram runs approximately parallel to the isotherms (see Fig. 40). The air is thereby heated only marginally, but humidified very effectively. The other state changes occur in the same manner as that when controlling with a controllable washer (heating and cooling load in Fig. 40 have not been taken into account).

Fig. 40 Changes of state with direct humidity control (steam, controllable)
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Characteristics of direct humidity control:

Relative room humidity (and room temperature) can be constantly maintained for any outside air state, changes to the set value of the room temperature, extraneous heat and humidity in the room or humidity loss.

When humidifying with a controllable washer, a moderately priced washer is sufficient. This is because the required supply air state can also be attained without difficulty using an affordable washer, even with a lower level of humidifier efficiency. It is, however, important that the washer is equipped with nozzles for controlling the quantity. There are no setting problems concerning the dew point temperature. The dew point need not be shifted. Unfavourable operational conditions which occur in summer and during the transition period are avoided. Cooling, humidification and re-heating only take place to the extent that they are actually necessary. This results in lower operational costs.  Fig. 41 shows two different outside air states to compare the dew point and direct humidity (controllable washer) control methods.

The expenditure for control devices is somewhat greater for direct humidity control than for dew point control, but the result is a more precise and economical level of operation.

Fig. 41 Dew point control and direct humidity control (controllable washer) comparison in terms of operational economy

a)
b)
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Humidity control with controllable washer (The air is cooled, humidified and reheated only

to the extent that it is actually necessary)
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Extraneous heat
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=

Energy waste

On / off control of humidification

With simple plants, where regular humidification is desired, this can be achieved by installing a hygrostat in the room. It switches on the humidification process when the room humidity falls below the set value. The humidification is switched off again when the upper switching point of the hygrostat is reached due to the increase in room humidity (see Fig. 42). However, this type of humidity control can only meet modest requirements. This is because fluctuations in the relative humidity of the room are an inherent and unavoidable aspect of the on / off control method.

Humidification with an air washer

Fig. 42 Humidity control with a hygrostat (acting upon the washer)
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Humidification with water takes place as follows (see Figs. 43 a and b):

Fig. 43 Hygrostat controls the air washer

a) Operational state of the humidifier pump
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B. Humidification efficiency
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If the outside air state lies at or under the adiabate of the minimum necessary supply air state Z, i.e. in the ≡≡≡≡ area, the humidifier pump will be kept in constant operation by the hygrostat. The efficiency of the humidifier (B is adjusted through a one time throttling of the circulation water under full load conditions (the maximum amount of air moisture Δx max which should not be exceeded). Under these operational conditions the plant runs smoothly.

However, if the moisture content of the air in summer is higher than the required content (range |||||||||), the pump will remain inactive. Between these two boundaries, the hygrostat alternately switches the humidifier pump on and off. The switching ratio of the pump depends upon the humidity requirement and the efficiency of the humidification system.

Fig. 44 shows the state changes of the supply air in the case of intermittent operation of the humidifier pump in the psychrometric diagram. Thereby, the outside air state A has been assumed to be 20°C, 40 % R.H. and the room air state 20°C, 50 % R.H. The outside temperature thus lies at just the right value for the room temperature (no heating or cooling load), while its moisture content is too low. As a result, the hygrostat switches on the humidifier pump, which has the effect that the supply air is suddenly cooled down adiabatically (point 1). The temperature controller tries to compensate for the resulting deviation in the room temperature by increasing the supply air temperature (opening of the heating valve) until the room temperature again reaches 20°C (point 2). But the hotter supply air can now also absorb more water, resulting in an unacceptable level of humidity in the room. Therefore, the hygrostat again switches off the pump, resulting again in a sudden adiabatic cooling down of the supply air. This air will then be blown at an overheated temperature into the room (point 3) until the temperature controller again closes the heating valve.

Fig. 44 Supply air state behaviour with intermittently operating humidifier pump
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Humidification with steam

Fig. 45 Steam humidification with hygrostat
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Fig. 45  Dampfbefeuchtung mit Hygrostat
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Fig. 45 shows a steam humidification plant with hygrostatic control. With steam at 100%, the state change in the psychrometric diagram runs approximately parallel to the isotherms (see Fig. 46). Thus only marginal heating takes place, but a highly effective humidification of the air. As a result, there is the danger of condensation occurring in the supply air duct due to over-saturation of the air. This danger is in most cases avoidable when a single throttling takes place in order to limit the maximum permissible steam quantity to a value necessary to humidify the room air to the desired state under full load conditions. Even more certain is the limiting of the permissible steam quantity to a value which will not permit condensation even at a lowest permissible supply air temperature (supply air temperature low limitation). Furthermore, a high limit hygrostat should be mounted in the supply air duct. This should close the humidifier valve as soon as the set value is exceeded. Through a one time throttling of the steam quantity, one simultaneously obtains an optimal switching ratio of humidification, and thus the minimal fluctuations in humidity in the room.

Fig. 46 State changes in the psychrometric diagram with steam humidification
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3.2.3
Partial air-conditioning plants (heating - cooling - humidification)

The disadvantage of water humidification with a hygrostat, meaning major fluctuations of the supply air, and thereby also the room air temperature during the intermittent operation, can be avoided very simply. In place of a hygrostat, a modulating humidity controller with a humidity detector mounted in the room is used which operates the humidifier valve. The controller can thus continuously reduce the efficiency of the air washer or the quantity of sprayed steam down to almost nothing. In this way the supply air can be humidified to the desired moisture content. A controlled dehumidification is, however, not possible.

Application: Partial air-conditioning plants yield good results in moderate climates. This is because the relative humidity of the outside air increases beyond 65 ... 70 % only on a few days in the year. They are especially suitable in plants with a great deal of extraneous heat QF, where cooling also results in dehumidification. For this purpose, however, the inlet temperature of the cooling medium must be somewhat lower than the dew point temperature of the desired state of the room air (2 ... 3 K).

Layout: (see Fig. 47)
Fig. 47 Layout of a partial air-conditioning unit
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Temperature control:
Heating and cooling valves operate in sequence. The supply air temperature low limiter and the outside temperature shift detector can also be connected if desired.

Humidity control:

A detector measures the relative humidity of the room and controls only the humidifier valve with the controller. Various different types of humidifier types can be used, i.e. controllable washer (for humidifier efficiency see Fig. 36), controllable steam humidification. With a controllable washer, the pump is switched off with an auxiliary switch when the humidifier valve closes. Furthermore, a moderately priced humidifier would also suffice, because the required air state can easily be attained, even where the humidification efficiency is not that high. It is, however, important that the washer is equipped with nozzles for regulating the quantity. Dehumidification only takes place partially when the temperature controller opens the cooling valve.

State changes in the psychrometric diagram

Fig. 48 State changes with partial air-conditioning plants (heating - cooling - humidifiying)

Fig. 48 shows the various changes of air state for

a) controllable washer
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b) controllable steam humidification (both without taking  heating or cooling load into account)
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c) with extraneous heat Q
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3.2.4
Dehumidification

Influencing the humidity of the room air by changing the proportion of the outside air

In special plants with a high amount of extraneous humidity, for example, in indoor swimming pools, the humidity of the room can be reduced in winter and during the transition period by increasing the proportion of the outside air.

On / off method of „dehumidification“ control 

In the case of simple plants (small indoor swimming pools), ventilation is carried out with the help of cabinet coolers. Apart from a fan and a heater battery, these units also incorporate outside and return air dampers (see Fig.49a). The heater battery is controlled with the help of the room temperature detector 4, while the supply air temperature low limiter 3 prevents the supply air temperature from falling below the permissible values.

Fig. 49 Simple swimming pool control
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Under normal conditions, the ventilating plant operates with return air. When the room humidity reaches a given value, the hygrostat 6 mounted in the swimming hall would respond. The cabinet will thereby be switched over from the return air to the outside air operation. The colder outside air warmed by the heater battery is now blown into the swimming hall relatively dry (see Fig. 49b), and is then capable of absorbing a great deal of moisture. The supply of 100% outside air is continued until the humidity in the room decreases to an extent which again causes the hygrostat to switch over to return air operation. This process is relatively economical, but has a number of disadvantages:

· With the switch-over to outside air operation, the temperature after the heater battery drops suddenly until the low limiter reacts and opens the heating valve further. This will result in temporary draughts, especially when the outside temperatures are low.

· When the hygrostat again switches back to return air operation, the supply air temperature increases considerably until the room temperature detector registers a change and closes the valve again. This process has an unfavourable effect on energy consumption, but the temperature deviations are hardly noticeable for the occupants.

Plants with continuous control of the room temperature and room humidity

Apart from the room temperature, the humidity is also controlled continuously by comfort plants (see Fig. 50). Depending upon the room humidity measured by the detector 5, only as much outside air is supplied by the continuous humidity controller as is necessary to maintain the desired room humidity. A further measure for avoiding the condensation of water on the window panes of a swimming hall is to mount an additional temperature detector 2 on the interior surface of the window.

Fig. 50 Continuous control of room temperature and room humidity in a swimming pool
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(control circuit, see Fig. 51; working principle, see Fig. 52). If the inside surface temperature t2 of the window pane falls to near the dew point t11 of the room air (resulting from the room temperature t1 and relative room humidity φ1) due to a fall in the outside temperature t3, the set value of the room humidity is shifted linearly toward lower values with the help of a shift controller 8, so that water cannot condense on the window panes. At an outside temperature of, say, t3 = -15 °C and a corresponding inside surface temperature of the window pane of t2 = +5 °C, the set value of the room humidity φ2 must be reduced to below 27,5 % R.H., e.g. to 25 % R.H.

Fig. 51 Reduction in the relative humidity in the room depending upon the window surface temperature

[image: image81.png])

a

AXmax.




Fig. 52

Relationship between outside temperature – window pane surface temperature – room air state
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English translation of technical terms and sentences in Fig. 52 a and b:

a)




=


Connection between air states and dew point temperature

b)




=


Linear reduction in set value of room air temperature to prevent condensation,

depending upon the window pane surface temperature

t1




=


Room temperature

t2




=


Window pane surface temperature

t3




=


Outside temperature

t11



=


Dew point temperature

φ1, φ2

=


Relative air humidity in the room

4.

Refrigerating machines – Training units
A general recognition and understanding of refrigeration technology must be considered the first essential step for the application of solar cooling. To this purpose, a number of refrigeration technology experiment and instruction units will be used, some of which have been developed or further developed in the course of carrying out the SERVITEC program. In particular these are:

· Compression error simulation

· Compressor control systems

· Teaching module refrigeration trainer Duo 2000

Fig. 53 Refrigeration technology training model

a) Compressor error simulation
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· Practical service diagnosis with common components

· 15 programmable errors

· Observation, demonstration and analysis of the programmed error

· Simple check of the analysed errors (error found – green light, error not found – red light)

b) Compressor control systems
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· Demonstration of common control systems for cooling and air-conditioning plants

· Simulation for high and low pressure area with the isolating valves

· Demonstration of PSC, starting and running condensers

· Practical exercises in electric wiring

· Safe electrical plug connections

Teaching module refrigeration trainer Duo 2000

This unit was developed as a universal training plant for all areas of refrigeration technology. The plant could not be completed during the course of the current project. However, the first plants should be available for use in lands such as Spain, Greece, etc. after the conclusion of the project.

Fig. 54 Universal training plant for refrigeration technology
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The refrigeration/air-conditioning trainer series is suitable for the most varied refrigeration sets, compressors and refrigerants. It is completely equipped with:

· Refrigeration technology fittings, regulating and control devices

· Electrotechnical fittings, regulating and control devices

The decisive advantages of the refrigeration trainer series DUO 2000 are:
· The refrigeration trainer series DUO 2000 can be used by up to 4 students at the same time, and in different subject areas.

· A number of various didactically and pedagogically well developed experiments and exercises can be carried out as a result of the optimal layout of the trainer:

Subject areas:

a) Air-conditioning area

b) Standard cooling area

c) Deep-freeze area

d) Cryogenic freezing area (only instructor version)

e) Control and regulating technology

Creation of electrical controls and regulators and the proper practical methods for fault finding and repairs

· As a result of the universal suspended plug-in system and a variety of standard components from the refrigeration and air-conditioning technology areas, which are built into the suspended plug-in panels, all installations, controls and plant systems used in practice can be operated according to proper practical methods.

· Use of  standard controls and regulators from the industry

· With the use of  2 evaporator fans equipped with the standard continuously controllable counter heaters and ventilators for the deep-freeze, standard refrigeration and air-conditioning areas, various loads can be simulated, whereby field-proven operational conditions can be recreated.

· The evaporator fans have been specially developed for the refrigeration/air-conditioning trainer series DUO 2000 and function in various temperature ranges between +10° C and -50°.
· A well considered and proven system for practical training in institutes, trade schools and universities.

· Especially suitable for use in non-dual school systems.

· Two different power supply sources are standard.

· Printed cards of  unbreakable material.

· Temperature behaviour observation of refrigeration and air-conditioning plants with up to 12 variable temperature detectors.

· The refrigeration / air-conditioning trainer series DUO 2000 brings the missing practical aspect back into training institutions.

· The electrical superstructure can be safely used by students. Safety wires, sockets and fuse disconnector transformers are standard components of the refrigeration / air-conditioning trainer.

· As a result of well conceived expansion components, the refrigeration / air-conditioning trainer series DUO 2000 also covers the most varied training levels of various training institutes.

· For example, there is a dual level cold compressor for temperatures from -5O °C available as an expansion component for cryogenic freezing experiments (for refrigerants R-502, R-13 Bl, R-22).

· The corresponding deep-freeze section is a standard component of the refrigeration / air-conditioning trainer series DUO 2000.
· For example, control organs for the various temperature ranges can be constructed by the students themselves, or they can use already wired switch boxes.

· The modular system offers optimal price/performance value.

· Very comprehensive basic equipment, with a cold compressor of an open construction type.

· Standard text English/German.

· Simple to adjust to requirements because of its clear equipment lists.

Basic layout and equipment characteristics of the refrigeration/air-conditioning trainer series DUO 2000

Chassis consists of:

1.
Substructure

2.
Work panels

a)
for refrigeration,

b)
for electrical,

for universal suspended plug-in system 

3.
Evaporator

Air-conditioning area, standard refrigeration area, deep-freeze and cryogenic freezing areas

4.
Operation part evaporator fans

5.
Electric switch part

Regarding 1: Substructure

Chassis constructed from rectangular tubes, movable with 4 steering rollers, refrigerant container storage, lockable spindles, drawer blocks, storage tray, work surface with stainless steel covering and integrated drip tub with runoff columns

Regarding 2 a):
Work panels for refrigeration/air-conditioning with universal suspended plug-in

system

Work panels, composed of rectangular frames with a special profile system for plug-in modules and a space for the laying of cable and sockets, fitted measuring device with built in:

1. Volt meter

2. Emergency off switch

3. Temperature measurement of the media with 2 digital temperature displays with 2 x 6 figured measuring point change-over switches, whereby 2 temperatures are simultaneously displayed for purposes of temperature comparison.

Regarding 2 b): Electrical work panels with universal suspended plug-in system

Work panels, composed of rectangular frames with a special profile system for universal suspended plug-in system, with a fitted measuring device for two different electrical supply nets, with net selection switch error current circuit breakers, control lamps, main and device fuses and a threefold reversible volt meter.

Regarding 3: Evaporator in angle construction form

2 evaporator parts, chosen according to the equipment list, with special evaporators for various temperature areas, including the corresponding insulation and electrical defrosting heater, waterproof with drip runoff and heating, completely encased, easy accessible and visible from the front, with built in controllable counter heating.

Drip tub heating and door-frame heating for the cryogenic freezing area for inside temperatures to -50° C. All of the necessary connecting terminals are fixed and wired in the back to the numbered and labelled socket board, and can be measured with the flexible safety wires. An optimal overview is thus always available.

Regarding 4: Control • Regulating part- Evaporator fans

Each evaporator fan has its own control-regulator part with the following components, which is firmly integrated into the universal suspended plug-in system:

· Continuous regulation of the counter heater with the volt and amp displays, internally built-in safety temperature limiter, on/off switch.

· Continuous rotation speed adjuster for the evaporator ventilator.

· Low current lights for the evaporator area illumination with on/off switch.

· Temperature display for evaporator area temperature.

· Terminal block for further wiring to the electric switch box.

· Universal suspended plug-in system for new components, i.e. defroster clock, regulators and controls for the evaporator.

Regarding 5: Electric switch boxes

Electric switch boxes, built into the electric operation side of the under-carriage (with sloped operation board). Energy source for 2 different supply nets. With the affiliated fuses, plug sockets, switches, control lamps, FI safety switches, emergency off switches and main switches. The plug box board contains circa 60 sockets for the wiring of L 1-3, N, PE of the designed experiments. External current can be laid and connected to a small plug socket board. The plant is always mutually switched, so that only one electrical power source net can be worked with at one time.

Fig. 55 Detail view of the refrigeration trainer with work surfaces for installing various components
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5.
Solar cooling – A demonstration model for the classroom
For the project partners from Mediterranean lands it was of great importance to determine the extent to which solar energy is practical for cooling, and what knowledge is necessary for such a technology. It was very quickly determined through a market analysis, that the solar cooling area was still at a very early stage from the commercial point of view. Apart from a few pilot projects, there is little other experience of note. Because plants (absorption and adsorption) in the small scale area for teaching purposes are not marketable, the idea was considered of constructing a model ourselves, which uses a small solar plant as an energy supply and an absorption refrigeration machine on the basis of gas refrigerators for cooling. In principle, the function method of absorption refrigeration machines will be demonstrated according to the following pattern:

Fig. 56 Components and functions of an absorption refrigeration machine
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Cooling with solar actuation

The sun shines everywhere, and, especially in southern lands, delivers surplus heat. With the help of a refrigerating set and a parabolic solar collector, this heat can be transformed into cold. The prototype of a solar refrigerator will be introduced in the following.
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The solar refrigerator works on the basis of Adsorption of water by zeolite. Zeolite is chemically similar to common sand, but does not form compact molecules. Instead it has a crystal structure with a very large internal surface. In nature there are circa 40 different types of zeolite. These mostly come into existence due to volcanic activity and have major impurities, which has the result that they are not suitable for refrigeration technology applications. The chemical industry manufactures a number of artificial types of zeolite. Synthetic zeolite is mainly used as a substitute for phosphate in laundry detergent or, for example, as a desiccant in double-glazed windows. The use of large quantities of zeolite in laundry detergent led to comprehensive examination of its environmental effects. It was thereby shown that zeolite in no way endangers the environment and has no toxic quality. In addition, because mass production has caused the price of zeolite to fall to between 1 and 7 €/kg, it represents a very low priced alternative.

Basics of cooling technology with zeolite

Of basic importance for the application of zeolite is a very large inner surface of between 800 and 1200 m²/g. Strong electrostatic forces are active within this hollow space. Polar molecules such as, for example, water are thereby absorbed, and as a result of heat dissipation they are integrated into the crystal structure (adsorption). If the process takes place in airless containers, the absorption of steam takes place at such a dramatic rate that the remainder of the water cools off dramatically and freezes to ice as a result of the high latent heat. This process continues until the zeolite is saturated with water. Depending upon the type, zeolite can absorb up to 25 % of its own weight in water. To use it further, the zeolite must again be dried, whereby it regains its full functional capability. This regeneration takes place through the supply of high temperature heating. Water is thereby driven out of the zeolite as steam (desorption).

This can take place with electrical energy, fossil fuels or (an especially positive energy choice) solar energy. The next adsorption phase can take place following a cooling-off phase. Because the zeolite is not used up, any number of cycles can be carried out.

Solar energy source for a cooling system

The solar actuated cooling system consists of a cooling tank with an evaporator integrated into the lid, which contains water as a coolant. In addition there are one or more zeolite containers, a hand vacuum pump and a parabolic collector. In order to adequately dry the zeolite, a temperature of over 250 °C is necessary, making a concentrating system necessary. Flat collectors cannot reach such a high temperature. A solar boiler parabolic collector will be used for the described cooling system. Up until now, such collectors have generally been found mainly in developing countries, where they offered an alternative to wood burning or fuel consumption. In addition to the preparation of meals, the boiler is suitable for the sterilisation of medical instruments or for boiling water. Up to now more than 10,000 such collectors have been built. With a diameter of 1.4 m, it consists of highly polished, anodised aluminium sheets, and is thereby weather resistant. The mounting can rotate, and is set in a flat rolled steel frame on wheels, so that the entire collector can follow the „path of the sun“ by rotating its frame and adjusting the angle of its mirrored surface. The capacity at an irradiation of 1000 W/m² amounts to ca. 800 Watts for the desorption. To dry the zeolite, the zeolite container filled with circa 4 kg zeolite is placed in the burning point of the parabolic mirror. At maximum temperatures of circa 350 °C the zeolite is regenerated after about 4 hours.

Adsorption cooling
For cooling purposes, a zeolite container filled with dry zeolite is connected to a flat evaporator filled with water. Next, the air is removed from the system with the hand powered vacuum pump. Following the connection of the zeolite container and accompanying the evacuation process, the water will begin to steam strongly, where there is sufficiently low pressure. As a result of the already described cooling process, the water in the evaporator will be cooled and subsequently freeze. Further water molecules evaporate from the resulting ice (sublimation), which results in the further cooling of the ice. Using a zeolite cartridge, the insulating box, with a usable volume of 55 l,  can be cooled at an environmental temperature of  22 °C and maintained at a temperature level of between 0 °C and 6 °C for approximately three days. At the end of this time period, the evaporator must again be filled with water, a regenerated zeolite cartridge must be connected, and the air must again be pumped out of the system. In order to be able to continuously cool over a longer period of time, and to bridge over periods of poor weather, one must have a supply of several regenerated zeolite cartridges.

Fig. 57 Adsorption cooling box
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Absorption cooling

The solution circulation comprised of Absorber A, Solution Pump SP, the Solution Heat Exchanger SHE, the Generator G and the Solution Expansion Valve SEV replaces the compressor. A solution of refrigerant and a suitable solvent runs in this circulation pattern. 

The fluid refrigerant in the Evaporator E is evaporated at temperature T0 when it absorbs heat Q0 from the heat source. This heat is again the available heat. The refrigerant steam is now absorbed into the absorber from a solution which is poor in refrigerant, thus to a certain extent sucked in by the absorber. The absorption heat Q1' is passed on to the heat sink at temperature T1. The solution, which has now been enriched with refrigerant through the absorption process, is pumped by the solution pump SP into the generator, which is found on the condenser pressure.

The mechanical work involving the solution pump is relatively minor. Depending upon the material system, this amounts to between a few thousandths and a few hundredths of the generator heat. The pump work is therefore not taken into account here. It can, however, be very easily integrated into the calculation.

After the solution pump, the rich solution flows into the solution heat exchanger SHE (before it reaches the generator G), where it is heated up by the hotter solution flowing back from the generator into the absorber. In generator G the rich solution is brought to the boiling point by the actuation heat Q2 at the highest possible temperature T2, whereby the refrigerant, which has been absorbed in absorber A, is again driven out of the solution. The refrigerant condenses in the condenser C. The condensation heat Q1" is passed on to the heat sink at temperature T1. The surface tension of the condensate is then reduced in the expansion valve EV to the evaporator pressure. The work material circulation is now complete.

In generator G, due to the supply of actuation heat Q2, a solution rich in refrigerant becomes a solution poor in refrigerant. This poor solution flows into the solution heat exchanger SHE, in which it passes on heat to the rich solution flowing in the opposite direction, and cools off as a result. Following this, the surface tension of the poor solution is reduced in the solution expansion valve SEV to the evaporator pressure, after which it then flows again into absorber A, where it can once again absorb refrigerant. The solution circulation is thus now closed.

Energetic parameter

As a parameter, we will define the heat relationship  as the relationship between available heat and the actuation heat Q2 to be expended. With the actual heat pump, the available heat is the passed on heat Q1, which is comprised of the absorber heat Q1' and the condenser heat Q1", thus

1 = Q1/Q2 = (Q1'+ Q1")/Q2.

With operation as a refrigerator, the use of the heat Q0 supplied to the evaporator is thus 0 = Q0/Q2.
Fig. 58 Circulation in an absorption refrigeration set
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One can show that the heat quantity diverted in the condenser is usually the same as the heat supplied to the evaporator, and thus, as a result, more or less identical to the heat supplied to the generator. In Fig. 58, the heat quantity absorbed by the evaporator equals 1. The heat 1/0 must then be supplied to the generator. The condenser heat is then identical to that of the evaporator (1), and the absorber heat is the same as that of the generator 1/0. The second main theorem of thermodynamics is again hidden in the heat relationship 0. For the material pair water/lithium bromide it lies between 0.7 and 0.8 and for ammonia/water between 0.4 and 0.6.

The absorption heat transformer

Function principle

The most important components of the circulation process are the same as for the absorption heat pump: the evaporator E, the absorber A, the solution pump SP, the solution heat exchanger SHE, the generator G, the solution expansion valve SEV and the condenser C. Important to note, however, is that the evaporator and absorber now lie at the higher pressure and the generator at the lower. The expansion valve between the condenser and the evaporator must therefore be replaced by a condensate pump CP.

In the evaporator E, the fluid refrigerant will absorb heat Q1', and evaporate from the heat source at the temperature T1. The refrigerant steam will be drawn from the refrigerant poor solution in the absorber and absorbed. The absorption heat Q2 will be passed on to the available heat sink at temperature T2.

The solution which has been enriched by the absorption of refrigerant will have its surface tension reduced to the condenser pressure in the solution expansion valve SEV after it has been cooled by the poor solution coming from the generator. From the expansion valve, the rich solution reaches the generator G. It is there regenerated with the heat Q1" at temperature T1. The expelled refrigerant condenses in the condenser C, the condensation heat Q0 is passed on to the waste heat sink at temperature T0. The condensate is then pumped to the evaporator pressure with the condensate pump CP. The work material circulation process is thereby closed.

The solution which is poor in refrigerant following the regeneration in the generator is pumped by the solution pump SP through the solution heat exchanger SHE back into the absorber A, where it can again absorb refrigerant. This occurs by means of heat which it absorbs from the rich solution flowing in the opposite direction. The solution circulation process is thereby closed.

Energetic parameter

The heat relationship 2 is defined as the relation between available heat, here Q2, and actuation heat to be expended, here Q1 = Q1' + Q1":

2 = Q2/Q1 = Q2/(Q1' + Q1")

The heat relationship 2 of the heat transformer is, like that of the absorption heat pump, largely dependent upon the temperature elevation and operational conditions of the plant.

Process diagram

The elementary circulation of the absorption heat transformer is represented schematically in the pressure-temperature diagram in Fig. 59. Not taking into account the condensate and solution pumps, there are again four components which exchange energy with the environment.

Fig. 59 Pressure-temperature diagram for a solar powered cooling model
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These are: At the higher pressure, the evaporator at temperature T1 and the absorber at temperature T2, and at the lower pressure, the condenser at temperature T0 and the generator at temperature T1. The two slanted connecting lines between the condenser and the evaporator on the one hand, and between the generator and the absorber on the other hand, again symbolise the phase limit line of the work material and/or the boiling point curve of the absorbing solution. The mass flow of the work material now runs through the components in a counter-clockwise direction.

As with the absorption heat pump, the heat quantity diverted in the condenser is more or less identical to that of the heat supplied to the evaporator, and the heat diverted in the absorber is more or less the same as that supplied to the generator. The heat quantity Q1' absorbed from the evaporator is set equal to 1. The heat Q2 = 2 / (1 - 2) from the absorber can then be diverted to the user. The condenser heat Q0 is also equal to 1; the heat Q2 = 2 /(1 - 2) must be directed to the generator. The heat relationship 2 typically lies at 0.40 to 0.45.

Closing remarks:

The attempt to develop a demonstration model for solar cooling during the course of the SERVITEC project has shown two things:

1.
It is in principle entirely possible to realise the theoretical considerations from a technical standpoint. This takes as a prerequisite, of course, the application of high quality electronic measuring devices. The calculation of energy balances also demands corresponding software and a PC for the recording of measurement data, its evaluation and optical reproduction.

2.
The solar energy at our disposal during a presentation in Barcelona an October 3rd, 2000 was not sufficient to attain the optimal expulsion temperatures of the generator with the help of two vacuum collector tubes.


We were, however, able to solve this problem in two ways. First, the solar collector surfaces could be correspondingly enlarged. However, this would only be of help where sunshine was present. A more productive solution would be the installation of a second energy source for re-heating, whereby the solar energy would function as a pre-heating step in the work process.

Fig. 60 Demonstration model of a solar absorption refrigeration machine
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The present model is already very suitable for the demonstration of the functionality of a solar absorption refrigeration machine, but must be expanded with industrial components, especially a re-heating step, in order to sufficiently prepare prospective service technicians for what awaits them  one day in practice.

The contribution of the Fraunhofer Institute for Solar Energy Systems in Freiburg, which is included in the appendix to this MODULE III, shows, however, that even industrially produced solar air-conditioning plants only appear sporadically, and therefore still have the character of pilot plants.

t1		Room air temperature


t2		Radiation temperature


φ		Air humidity


v			Air velocity
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Complete air-conditioning plant in 1:2 scale, including all components of an air-conditioning plant, including DDC control from Kiepack + Peter
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Complete air-conditioning plant with covering plates for the step by build-up of a ventilating plant into a complete air-conditioning plant
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Complete air-conditioning unit with partially hidden individual components, i.e. filter, fan, pre-heater, etc.
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Test room for air-conditioning technology experiments with duct system and connection to the complete air-conditioning plant model
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Absorption      or     Adsorption?






































�





� EINBETTEN DIGCADFile  ���








12

[image: image95.png]


[image: image96.png]


[image: image97.png]S

]\“

¢ %
3 @
SF % e
aF4 % a
E4 % T
Nl %
w.u.u 2
[ =
[ Z0s. 2
[~
F %o —\&
E o s
-
o
S ==
e e &
g 8 8 o e

L 4



[image: image98.png]b) ikl g/l
25
0
>
5
£
S 10
¢
Ao 1 -
> s
g 2%
+ | B
ToRI & I 25 34
N/l O o %0




[image: image99.png]- —l .
0
4
T8
%—

Fig. 51  Absenken der relativen Raumfeuchtigkeit in
Abhangigkeit der Fenster-Oberflachentemperatur
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Strahlungseinfluss und Behogichket bei ciner
Roumlufttemperatur von 21°C
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Fig. 6 Empfohlene max. Luftgeschwindigkeit vmax, bei
verschiedenen Lufttemperaturen







