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 An innovative method of insulation by injection to a cooling tank was 

investigated with consideration of a sustainable development need du-

ring production of thermo-insulation materials. An insulation material 
consisted of polyurethane foam. The manufacturer has chosen HFO ga-

ses for filling in the pores, since this is a product with a low environ-

mental impact. HFO gases have a zero potential for destruction of the 
ozone layer and an extremely low global warming potential. Cooling 

tanks insulated with modern technologies of injection of polyurethane 

foam were investigated with regard to heat permission. They were also 
tested on account of occurrence of heat leakage bridges. The investiga-

tion covered also cooling furniture insulated with a conventional met-

hod of gluing ready-made polyurethane boards. The tests showed that  
a modern insulation technology influences reduction of the heat permis-

sion coefficient towards the presently applied technology. The investi-

gated insulation of cooling furniture did not prove any heat leakage 
bridges. Therefore, it may be concluded that the technological process 

is correct. Cooling tanks manufactured in the present insulation techno-

logy did not show the occurrence of heat leakage bridges.  
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Introduction 

Since the global energy problems are deepening, the focus should be on thermal insula-

tions when considering heat exchange technologies. The insulation acts as resistance to ther-

mal energy flow. Main functions of thermal insulation include energy maintenance, temper-

ature control and heat exchange control. In many texts concerning heat exchange, electric 

analogy was applied to explain a physical meaning of heat transmission (Page, 1991; 

Wiśniewski and Wiśniewski, 2000; Incropera and DeWitt, 2002). In this context, the material 

resistance to thermal energy flow is defined as inversely proportional to the material thermal 

conductivity. A suitable insulation material has a high resistance to heat exchange and a low 

thermal conductivity coefficient. Calorific effect was defined as a level of insulation capacity 

and is inversely proportional to the thermal conductivity. Foam insulation was designed to 

achieve high efficiency. 
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Polyurethane foam as an insulation material included at the beginning chlorofluorocarbon 

(CFC) as a foam-forming gas closed in cell structures of foams with a low thermal conduc-

tivity coefficient. Such insulation is the most effective thermal insulation system - next to air 

(Moreno, 1991; Kuhn et al., 1992) since heat conduction of air is about threefold higher than 

CFC gas and heat exchange takes place through conduction (Ostrorsky et al., 1986; Bernat 

et al., 2019). 

The growing anxiety with a threat of depletion of the ozone layer and global warming led 

to withdrawing the CFC in 1996 (United Nations Treaty Collection. Chapter XXVII 2.a Mon-

treal Protocol on Substances that Deplete the Ozone Layer, 1987). Alternative blowing 

agents, although less environmentally harmful ensured foam insulation with a higher heat 

conduction coefficient. No availability of gases that could ensure a low heat transfer of foam 

insulation constituted a basis for development of more efficient insulation materials with  

a lower negative impact on the environment and with properties that are higher than CFC 

gases parameters. As a result, methods of development of the advanced techniques of thermal 

insulation are becoming a foundation for further research. 

The performed development work has led to development of alternative insulation mate-

rials in the form of natural products such as starch (Machado et al., 2017; Vargas-Torres et 

al., 2017), lyophilisates (Góral et al., 2018; Kozłowicz et al., 2019) Currently, instead of CFC 

gases, hydrocarbons are used (cyclopentane, isopentane), fluoro-olefins (HFO), carbon diox-

ide and oxygen as well as vapour (Brodt, 1995; Jarfelt and Ramnäs, 2006; Honeywell Inter-

national Incorporation, 2021). Thermal conductivity of insulation foam depends on the con-

duction of gases mixture in cells, solid body conduction (polymer) and radiation between the 

cells (Jarfelt and Ramnäs, 2006). Reduction of the foam density and gas cells causes reduc-

tion of thermal radiation and heat conduction in the solid body. Conduction in the cell struc-

ture through the mixture of gases constitutes a decisive majority with regard to the total 

amount of heat exchange in foam. Circa 75% of the foam insulation ability results from the 

applied mixture of cell gases whereas the size and density of cells is responsible for the re-

maining part of the thermal insulation ability of the material (Jarfelt and Ramnäs, 2006; Sob-

olewski and Błażejczyk, 2014). 

The objective of the research is the evaluation of the thermal insulation of tanks used in 

cooling furniture for storing of products in serving lines with a lowered temperature (e.g., 

vegetable and fruit salads) made on the specially developed innovative production stand 

found in KOMAT Mieczysław Kozłowski company in Romanów Dolny (Bieńczak et al., 

2020). The quality of the insulation is proved by the average value of the heat transmission 

coefficient and no heat leakage bridges (Bieńczak et al., 2004; Perz, 2005). 

Research method 

The test object 

The first stage of the research was preparation of the object, namely, a thermally insulated 

tank as shown in fig. 1. The cooling tank consisted in the walls made of stainless steel and  

a core made of thermo-insulation material. 
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Figure 1. Thermally insulated cooling tank 

As a part of the investigation, thermal permeability coefficients of the insulation were 

measured with the use of the measuring device AHLBORN ALMEMO 2590 and with the 

heat stream density sensors ALMEMO ZA9007FS and heat leakage bridges were analysed 

in the developed furniture with the use of thermovision pyrometer FLIR TG167. During the 

research, tanks insulated with a conventional method of insulation from glued boards and 

insulations made with an innovative method, namely, injection of polyurethane foam be-

tween tank walls were compared.  

The research procedure 

To ensure independence of measurements from the influence of external factors, a ther-

mally insulated cooling tank was insulated from the environment with a styrofoam board as 

shown in figure 2. An electric heating device and fans were placed inside the object to ensure 

equal distribution of the heated air. Thermoelectric sensors placed outside and inside the ob-

ject were used for measurement of the temperature. An optimal difference of temperatures 

between the inside of the tank and the environment was 30°C. So prepared stand was main-

tained in the controlled temperature for 48 hours to ensure the stationary state (Wiśniewski 

and Wiśniewski, 2000; Incropera and DeWitt, 2002). 

To determine the heat stream density of the cooling tank insulation, an auxiliary wall 

method proved to be useful. This method is used for the studies on thermal conductivity of 

materials or thermal resistance of multi-layer partitions both in laboratory samples and in the 

already made thermal partitions. Fig. 3 shows the realization of the method (Bieńczak et al., 

2004). 
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Figure 2. Schematic representation of the test stand 

 

Figure 3. Determination of the heat flowing stream with the auxiliary wall method; 1 – ther-

moinsulation system, 2 – sensor “auxiliary wall “type, tf1, tf2 – temperatures on the thermo-

insulation system walls, Δt – reduction of temperature on the auxiliary wall, q – density of 

the heat flowing stream 

The measurement is based on the assumption that the heat stream density q flowing 

through the investigated partition in the stationary state is equal to the heat stream density qo 

flowing through the auxiliary wall whose thermal conductivity coefficient λo is known 

(Wiśniewski and Wiśniewski, 2000; Incropera and DeWitt, 2002). The stand after the start 

was left to obtain the stationary state so that in the investigated elements heat accumulation 

occurs. For the stationary state, thermal input of the heat source is equal to the thermal input 

permeating through the partition (Wiśniewski and Wiśniewski, 2000; Incropera and DeWitt, 

2002).  
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In order to realize the set plan, the following parameters were measured: 

– the heat stream density q (W·m-2) permeating though the tank surface and the insulating 

material, 

– temperature: Tw (°C) inside the tank, Tz (°C) outside the tank, 

When the necessary data were obtained, heat permission coefficient was calculated: 

 𝑈 =
𝑞

∆𝑇
 (W·m-2K)  (1) 

where: 

q  – heat stream density, (W·m-2) 

ΔT  – difference of temperatures, (K) 

 

In the realized task, it was required to evaluate the obtained values of the heat permission 

coefficient U for the selected cooling tanks. The measurements were determined for 18 cool-

ing tanks including 9 insulated with glued boards of polyurethane foam (according to num-

bering A1-A9) and for 9 insulated by injection of the polyurethane foam (according to num-

bering B1-B9) on the prototype of the machine. 

In all the investigated tanks, sensors for measurement of the heat stream density q were 

distributed equally on the bottom surface of the tank. Moreover, in six the biggest tanks with 

regard to their capacity, two side surfaces - a narrow and wide one were subjected to inves-

tigations. Measurements were carried out in 10 iterations for each variant. Figure 4-6 present 

a manner of distribution of measuring sensors during the studies. 

 

 

Figure 4. Manner of distribution of measuring sensors on the bottom wall of the cooling tank 
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Figure 5. Manner of distribution of measuring sensors on the side (short) wall of the cooling tank 

 

Figure 6. Manner of distribution of measuring sensors on the side (wide) wall of the cooling 

tank 
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Results and discussion 

Assessment of heat transfer coefficients 

After the thermal analysis of temperature distribution was performed with regard to the 

typical geometry of the cooling tank, it was stated that the cooling tank due to its specific 

distribution of temperature fields is characterised with temperature stratification. It means 

that in the cooling tank, except for the internal natural convection, conductivity takes place. 

Natural convection may take place only on the tank edges. This specific type of the temper-

ature distribution is known as stratification (Khalifa et al., 2011; Bernat et al., 2019). Simu-

lation of the temperature distribution was presented in figure 7. 

 

 

 

Figure 7. Stratification of the temperature distribution in the cooling tank (Bernat et al., 

2019) 

 

Fig. 8-9 presents the set of the obtained values of heat transfer coefficients U with deter-

mination of pairs: a cooling tank with glued insulation − a cooling tank with a foaming insu-

lation. In each of the investigated cases, a new type of the applied insulation (with a foaming 

method) proved to be better than the current method, i.e., the method of gluing ready-made 

polyurethane boards since the coefficient U has a lower value. 
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Figure 8. The set of the obtained values of heat transmission coefficients U with determina-

tion of pairs: a cooling tank with glued insulation - a cooling tank with a foaming insulation. 

 

Figure 9. The set of the heat transmission coefficients U in a growing manner 
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The performed comparative studies of 9 types of tanks enable assessment of the impact 

of the change of the insulation technology on the heat flow through the walls. The efficiency 

of insulation was determined quantitatively with the heat transmission coefficient through 

the insulated wall U. Since, during the measurements, a probability of convection boundary 

conditions, namely heat transmission coefficients on both sides, the only variable was the 

type of the used insulation. As shown in figure 8-9 in all cases of 9 types of tanks, the insu-

lation made with the foam filling technology between the tank and casing was thermally more 

effective than the insulation made of glued boards of the insulation material. 

Analysis of the obtained results in comparison to the literature studies shows that the tank 

construction has a considerable impact on the obtained heat transfer coefficients. The tank 

casing, namely stainless steel, may cause the increase of the final value of the coefficient. 

The literature study clearly confirms this relation (Góral et al., 2013; Perz et al., 2018). Table 

1 presents the set of the obtained and selected literature heat transmission coefficients U and 

heat transfer coefficients λ for the thermal partition made of the 0.04 m insulation. 

 

Table 1. 

The set of heat transfer U and heat transmission λ coefficient for the partition with thickness 

0.04 m. 

Insulation material 
Coefficient 

of heat transmission U (W·m-2K) of heat transfer λ (W·m-1K) 

Glued polyurethane foam 1.34 0.059 

Injected polyurethane foam 1.01 0.045 

Styrofoam 0.95-1.02 0.041-0.043 

Lyophilizated foams 0.75 0.03 

Aerogels 0.3-0.45 0.012-0.018 

 

In the research that has been performed so far (Perz et al., 2018) the authors present the 

heat transmission coefficient of the styrofoam as 0.95-1.02 W·m-2K. The obtained results for 

insulations of cooling tanks made of the polyurethane foam were similar to those of 

styrofoam insulations. According to the literature (Geryło, 2015), the heat transmission co-

efficient of the polyurethane foam may have a lower value. The studies concerning cooling 

tanks are preliminary studies performed with the use of prototype devices. Thus, firstly, one 

should focus on the improvement of the obtained coefficient. Natural materials may be also 

promising solutions of insulation of catering cooling furniture (Prazner et al., 2017; Góral et 

al., 2018), where the heat transmission coefficient U is 0.75 W·m-2K or mineral materials 

such as aerogels (Pietruszka, 2012; Adamczyk-Królak, 2015) for which the heat transmission 

coefficient U is 0.35 W·m-2K. However, in order to make an insulation with the injection 

method into cooling furniture, one should firstly develop a suitable technology. 

Referring the heat losses for the insulation made by injection of the foam into the space 

separating the tank from the casing to the insulation made of glued insulation material, it was 

clearly showed that the injection method was considerably more effective. The quantitative 

reduction of the heat stream through the innovative insulation was presented in fig. 10. On 

average, ca. 76 % of the heat flowing through the wall with the glued insulation flew through 
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the injected insulation. The average reduction of the heat feed is 24%. It means that the av-

erage reduction of the heat stream to the value of ca. 0.76 in comparison to the glued insula-

tion was obtained. 

 

 

Figure 10. Assessment of heat losses reduction after the use of new technology of thermal 

insulation of the tank 

Assessment of occurrence of heat leakage bridges 

FLIR TG167 thermovision pyrometer was used for the analysis of occurrence and the 

impact of heat leakage bridges of the cooling tank. Tanks for which the heat transmission 

coefficient U was obtained were investigated. Fig. 11-18 shows the exemplary results of ther-

movision measurements. 

 

 

Figure 11. View of B1 tank (foaming insulation) 
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Figure 12. View of B1 tank (foaming insulation) in thermovision 

 

Figure 13. View of A1 tank (glued insulation) 

 

Figure 14. View of A1 tank (foaming insulation) in thermovision 
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Figure 15. View of B2 tank (foaming insulation) 

 

 

Figure 16. View of B2 tank (foaming insulation) in thermovision 
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Figure 17. View of A2 tank (glued insulation) 

 

Figure 18. View of A2 tank (glued insulation) in thermovision 

 

The obtained results of thermovision are compliant with the project assumptions and with 

the tests performed for the cooling bodies and food storage packaging (Góral et al., 2018; 

Rochatka, 2018; Rochatka, 2019). Both cooling tanks insulated with glued boards as well as 

cooling tanks, where the foam is injected did not show the existence of thermal bridges. En-

suring the continuity of insulation enables limitation of energy losses and ensures correct 

conditions for storing food.   
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Conclusions 

The tests that were performed confirmed that insulations made with the injection method 

have correct parameters. The heat permeability coefficient for the newly developed insulation 

method shows a lower value in comparison to the present method of glueing polyurethane 

boards. Comparison of the heat transmission coefficient of the innovative method and the 

method of gluing ready-made boards, proves that the new method enables to obtain improve-

ment of insulation parameters by 24%.  

In the insulations made with the injection method, the thermovision tests proved that no 

heat leakage bridges occur. Taking into consideration the obtained results, one may state that 

the technological process is correct. The same situation takes place when the glued insulation 

of cooling tanks is analysed. Also in this case, there is a probability that tanks insulated in 

the previous years do not show energy losses by the occurrence of heat leakage bridges. 

Introduction of more strict restrictions forces to create new insulation technologies in or-

der to limit the negative impact on the environment. To conclude, the innovative insulation 

technology of cooling tank meets the expectations of both the manufacturing company and 

expectations towards the thermo-insulating materials.  
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OCENA TERMOIZOLACJI PROTOTYPU GASRONOMICZNYCH 

MEBLI CHŁODNICZYCH 

 

Streszczenie. Uwzględniając potrzeby zrównoważonego rozwoju podczas produkcji materiałów ter-

moizolacyjnych, przebadana została innowacyjna metoda wtryskiwania materiału izolacyjnego do 

wnętrza wanny chłodniczej. Jako materiał izolacyjny wybrana została pianka poliuretanowa. Jako sub-

stancje odpowiedzialne za wypełnienie porów producent wybrał gazy z grupy fluoro-olefin (HFO), 

zatem produkt charakteryzujący się niewielkim wpływem na środowisko naturalne. Gazy z grupy 

fluoro-olefin (HFO) posiadają zerowy potencjał niszczenia warstwy ozonowej oraz bardzo niski po-

tencjał globalnego ocieplenia. Wanny chłodnicze zaizolowane przy użyciu nowoczesnej technologii 

wtryskiwania piany poliuretanowej, przebadane zostały pod kątem współczynnika przenikania ciepła. 

Zostały także ocenione pod kątem występowania mostków cieplnych. Badaniom poddano także meble 

chłodnicze zaizolowane tradycyjną metoda wklejania gotowych płyt poliuretanowych. Przeprow-

adzone testy wykazały, że nowoczesna technologia izolowania wpływa na obniżenie współczynnika 

przenikania ciepła względem obecnie stosowanej technologii. Przebadana izolacja mebli chłodniczych 

nie wykazała występowania żadnych mostków cieplnych, zatem można wnioskować, że proces tech-

nologiczny jest prowadzony w prawidłowy sposób. Wanny chłodnicze wykonane w obecnej tech-

nologii izolowania także nie wykazały występowania mostków cieplnych. 

Słowa kluczowe: meble chłodnicze, materiał termoizolacyjny, pianka poliuretanowa 

 


