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Abstract : Cooling buildings is now as important as heating. It helps to maintain appropriate and healthy conditions 

for work and life. There are several cooling systems and each is suitable for other conditions. Smart control systems 

are also an important part of the system, which increases the optimatization and efficiency of technological 

equipment, thus also cooling devices. 
 

Citation: Váhovský J., Fedák M., Kulikov A., Abraham M.: Case study of smart-based cooling system application, Advance in 

Thermal Processes and Energy Transformation, Volume 2,No.1 (2019), p. 15-18, ISSN 2585-9102 

 

1 Introduction 

In the early 1980s, the phrase smart building was 

created. Defining the notion of smart building is not 

entirely unambiguous but can generally be defined as a 

building that provides a quality indoor environment 

with minimal resource consumption and minimal 

environmental impact. To be quality-conscious, the 

building's internal environment must meet 3 basic 

requirements: health, comfort and safety. It follows 

from the definition that for an intelligent building not 

necessarily to contain a complex control system and 

electronics, so we distinguish the intelligence of the 

building as active, passive and latent [1]. An intelligent 

building with a high-quality indoor environment with 

minimal energy requirements and environmental 

impact can only be created by combining active, 

passive and latent intelligence components. Elements 

of passive and latent intelligence (materials used, 

building orientation, layout, etc.) affect the building's 

energy requirements and the environment. Therefore, 

an inappropriately designed building with excellent 

technical facilities and control will exhibit worse 

characteristics than an optimally designed building 

with simple technical equipment and control system. 

Smart systems in smart buildings can be applied to any 

electronic device. Smart systems are most often used 

to: 

- heating/cooling controls 

- energy monitoring 

- control of blinds 

- smoke detectors, motion detectors, etc. 

- control cameras, speakers, etc. 

- lighting 

 

The most important task in buildings is to ensure the 

heating/cooling of building. An intelligent building 

ensures indoor thermal comfort and not only heating, 

but also building cooling is an important way to 

maintain comfort. There are currently several cooling 

options and it is important to select the best cooling 

option for a building. Cooling can be provided by air 

conditioning, ceiling cooling or floor convectors. 

 

2 Internal thermal comfort 

It is not possible to set thermal comfort the same for 

every person, because all people are different, and 

everyone perceives thermal comfort differently. 

Several factors such as season, weather clothing and 

human activity, affect the thermal comfort. Achieved 

thermal comfort means that person in the room does 

not overheat but does not feel the cool in the room. The 

human body does not have the same temperature 

throughout its surface, so proper room temperature 

balance is needed. Thermal comfort means that 

temperature ratios are achieved, where the person does 

not feel overheat or cool – feels comfortable [2]. 

Thermal balance is needed to ensure thermal comfort. 

It is a state where the amount of heat a person produces 

is scattered around [3]. Six main factors affect thermal 

comfort: 

- ambient air temperature 

- radiation temperature 

- air humidity 
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- air velocity 

- value of metabolism 

- clothes 

In addition to these major factors, others such as 

acclimatization, figure of man, subcutaneous fat, sex, 

age, etc., may be considered. These factors indicate 

that thermal comfort is a very subjective state and 

thermal comfort can only be determined for a person. 

Two seven-point scales are most commonly used to 

determine thermal comfort: 

1) Bedford scale 

2) ASHRAE scale 

The Bedford scale is focused on the feeling of thermal 

comfort and the ASHRAE scale describes the 

assessment of human satisfaction [4]. The scales are 

compared in Tab. 1. 

 
Table 1 Bedford and ASHRAE scale 

 
 

Smart technology also helps to create warmth in the 

room. Smart systems monitor and control temperature, 

air humidity and airflow speed and can maintain and, 

as needed, change those parameters, that depend on 

thermal comfort. Smart systems are easy to use and can 

adapt to changing conditions. These options contribute 

to faster achievement and a more sustainable state of 

thermal comfort. 

 

3 Experimental evaluation of smart 

technology application 
 

The bulding consists of research laboratories, classes 

and offices. The building can be considered as one 

complex large laboratory. The laboratory is a 

multivalent system equipped with a condensing boiler 

and equipment that extracts heat from renewable 

energy sources photovoltaic panels, solar panel, 

bivalent air-water heat pump, recovery unit and wood 

chip boiler. As a building management system, the 

DESIGO system from Siemens was selectecd as part of 

the VUKONZE project. This system allows us to 

control all heating devices, pumps, valves and solar 

collectors installed on the flat collector swivel system 

design. Individual devices can be controlled manualy 

or left to control the system automatically. The system 

also records temperature, humidity and pressure thanks 

to a number of sensors. The historical data processing 

module provides evaluation and analysis of historical 

data as well as current data. An important function of 

the buildingmanagement system is the automatic 

reporting of alarms in tne event of failures that may 

arise in process equipment or in the automation system 

itself. The system allows us to create time programs 

that take care of device management. Turning on/off 

heating or cooling according to the time is an effective 

way of managing, that helps to save energy and 

prolongs the life of the technology. During vacations or 

longer time when the building is empty, the system can 

be completely shut down and automatically restarted 

before entering the building. 

 

 
Figure 1 DESIGO program 

The study focuses on applying a cooling system to a 

renewable energy laboratory. In the laboratory, there 

are two heat water tanks (800 l and 950 l), 5 computers 

and 3 people as the heat source. A reversible heat 

pump is used to produce cold, and produced cold 

accumulates in a tank (800 l), which is also located in 

the laboratory. Figure 2. shows a reversible heat pump. 

 

 
Figure 2  Reversible heat pump 

Laboratory cooling is provided by floor convectors 

located under the windows. In the laboratory, floor 

convectors are the best choice for cooling, as there are 

plenty of equipment, wiring and with large windows in 

the laboratory. They do not require a lot of space and 
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thanks to the placement under the windows, the cool 

air flowing from the convectors is mixed with warm 

air, which heats the sunlight. The convectors in the 

laboratory are shown in Figure 3. Convectors 

automatically turn on according to the set shedule. 

They cool the laboratory to the required  temperature 

they maintain during the day. For better control it is 

possible to set the convectors to the reyuired power or 

the system can independently control the power and 

change it as needed. 

 

 
Figure 3 Floor convectors 

In Figures 4. thermal images of floor convectors 

operating under different conditions are shown. Images  

1-3., the thermo images of convectors in which water 

flows at 15°C, but operate at different power levels. 

The convectors in thermal image 1 operate at 33% of 

total power, image 2 at 66% of total power and image 

3 at 100% of total power. In Images 4 and 5, 12°C 

water was injected into the convectors. The power of 

the convectors was 66% in image 4 and 100% in image 

5. In image 6, water with a temperature of 10°C was in 

the convectors and convectors worked at 100% of total 

power. At 15°C water in convectors, the air 

temperature exiting the convectors did not reach below 

20°C in either case. At 33% of the convector output, 

the lowest outgoing temperature 21,2°C. At 66% and 

100% of total power, the exiting air temperature was 

lower about 1°C, but the difference between these 

outputs was minimal. The temperature was at 66% of 

total power 20,3°C and 20,1°C at 100% of total power. 

If 12°C water passed through the convectors, cooling 

was more pronounced and at 66% and 100%, the 

cooled air temperature was around 19°C. In the case of 

66% total power, this was 19,3°C and at 100% of total 

power 18,9°C. As in the first case at 15°C water and 

66% and 100% of total power, the temperature change 

is small and convector power above 66% no longer has 

a significant effect on temperature. In image 6, where 

10°C water flows in the convectors, the temperature of 

the cooled air is cooled down to 16,5°C. It is a 

significant differencee from 12°C where the difference 

at 100% of total power is up to 2,4°C. Cooling is 

flexible and the desired temperature is always chosen 

by the user. At a water temperature of 10°C, the water 

in the tank must be cooled down to about 7°C, so the 

heat pump has to work for a longer time to cool the 

water , so it has a higher electricity consumption. At 

higher water temperatures, e.g. 12°C or 15°C, the punp 

would run in shortter cycles and thus lower electricity 

consumption. According to the weather, it is therefore 

possible to control the value of cooling and to approach 

as close as possible to the state of internal thermal 

comfort. 

 

 
Figure 4 Floor convectors – thermal images under different 

conditions 

 

Convectors are spun and cold air is blown up around in 

the windows. Cold and warm air is stirred and the 

required laboratory temperature is reached. On thermal 

image it is possible to see on the floor the area where 

sunlight falls between the blinds. Much of the heat 

from these rays accuulates  in the blinds and the heat 

remains in the room. The location of the convectors 

under the windows is therefore very convenient and by 

blowing cold air into the blinds and windows we cool 

the hottest places in the room. 

After entering the required temperature for the 

laboratory, the control system turns on the heat pump 

that produces the cold that accumulates in the tank. 

The circulating pump blows cold water into the floor 

convectors. The cool air mixes with the warm air rising 

around the windows and cools the laboratory. Thanks 

to the temperature sensors, the control system regulates 

the performance of the three-way mixing valve and the 

amount of cold water circulating in the system, which 
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keeps the room temperature constant without 

significant fluctuations. 

 

 

 
Figure 5  Temperatures 

 

The figure 5 shows the monitores temperatures of the 

heat pump inlet and return, the temperatures in the 

different cold water storage levels, the room 

temperatures, the laboratory temperature and the 

outside temperature. The control system has a set 

schedule to activate a heat pump every morning before 

people arrive to work, which starts to cool the water in 

the tank. The pump cools the incoming water to 4,8°C 

and then shuts off, then if the water in the system rises 

more than 9°C the pump is switched on again and the 

circulating water is cooled to the desired temperature. 

The heat pump cyclically cools the water until the end 

of the set schedule until 14:00. The heat pump will 

perform 10 cycles in one day and will not allow the 

water temperature to rise above 10°C. The water in the 

cold cold water tank during the day when the heat 

pump is operating reaches from 7°C to 10°C. When the 

water has cooled down, the water temperature in the 

tank gradually increases but does not exceed the 

desired room temperature. From the graph, it can be 

seen that when the water has cooled down, the water 

temperature at the top of the tank begins to rise and the 

water temperature gradually increases from top to 

bottom. The air temperature in the laboratory is 

maintained at the desired value during the day and the 

control system does not allow for bigger variations. 

 

 

4 Conclusions 
Smart technologies are increasingly part of new but 

also older buildings, where they simplify and automate 

the management of technical systems. Increase 

comfort, thermal comfort and reduce the cost of 

operating technology equipment. The study focuses on 

applying a smart-based cooling system. The smart 

system used controls and optimizes the entire cooling 

process and adapts to changing conditions. Floor 

convectors are one of the cooling options and are the 

most suitable solution in our laboratory. 
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