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Abstract. The article presents the results of works on formulating an 
algebraic model of crystallized CO2 extrusion process in a convergent 
circular–symmetrical channel. The paper presents the method of derivation 
of the model as well as preliminary comparison of the influence of 
variance of the 3 geometrical parameters describing the shape of the 
forming channel. Based on the results of the performed analysis, 
conclusions are formulated to determine the basis and future direction of 
study to the development of single-channel dies allowing to extrude dry ice 
with effective compacting stress values.  

1 Introduction 
An important consideration for the manufacturing process is the utilization of by-product 
materials. One of such materials is carbon dioxide formed in large quantities e.g. during the 
manufacturing of nitrogen fertilizers [9]. The recovered carbon dioxide in gaseous form is 
compressed and liquefied. The liquid CO2 is kept in enclosed containers at temperature -
18 ̊C and pressure approx. 20 bar [9, 11]. 
In for example order to utilize liquid carbon dioxide, it undergoes adiabatic expansion to 
atmospheric pressure. As a result of a sudden change in the energy state of the material,  
a phase transition occurs and the material crystallizes. The temperature of solid car-bon 
dioxide is approx. -78,5 ̊C and sublimation in normal conditions [13, 17, 22, 40]. The char-
acteristic of such phase transition is presented on Fig. 1. 
Due to the indicated peculiar characteristics, it is often referred to by its common name 
“dry ice”. [3, 8, 40]. It is used, among others, in material transportation [2, 49] and surface 
cleaning [4, 12, 21, 23, 28, 34] and disinfection [32, 40]. However, in the process of 
crystallization of liquid CO2, a fragmented material is obtained [24], which results in  
a short sublimation time and low efficiency of its used in e.g. refrigeration processes [9]. 
There-fore, in order to extend the sublimation time of the material as well as to improve its 
use efficiency, it is compacted and delivered e.g. in form of pelle[17, 18]. 
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Fig. 1. CO2 phase transition profile [1]. 

The commercially available machines for dry ice agglomeration are called pelletizers. The 
working systems of these machines utilize linear piston motion for dry ice compression. 
These machines are used to manufacture pellet with different diameters, with diameters 
equal to 3 and 16 mm being the most commonly observed. For diameters of 16 mm, the 
working system of the machine employs a single-channel die, whereas for the smaller 
diameter, multi-channel dies are used.  
The carbon dioxide agglomerate, due to its characteristics, has found application for both 
indicated product diameters. It is used, among others, for food storage, water carbonization 
and freeze-drying of products [9, 12, 29]. Dry ice is also widely employed in abrasion 
cleaning of surfaces [15, 30,40]. 
An important parameter defining compacted dry ice quality is its density. This parameter is 
used for determining material quality; therefore, from the standpoint of the manufacturing 
process, it is necessary to obtain the maximum density equal to 1650 kg/m3 utilizing the 
smallest possible values of compacting forces. Subject literature indicates that the threshold 
value of dry ice density is achieved at compaction stress equal to 14 MPa (Fig. 2.) [12]. 
Available subject literature demonstrates a high degree of interest in works aiming to study 
and develop the shape of the tooling, working assemblies or process parameters used in the 
process in order to improve the quality of the product as well as the energy efficiency of the 
manufacturing process [5-7, 14, 16, 19, 20, 25-27,30, 31, 33, 35-39, 41-48]. 
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Fig. 2. Variation of agglomerate density in function of threshold stress [10]. 

2 Analytical model 

Fig. 3 described single-channel dies together with their geometric parameters. It shows 
a channel consisting of a circular-symmetrical section together with a cylindrical section. 

 
Fig. 3. The geometric parameters of the convergent circular-symmetrical channel, α – angle 
convergence of the conical section, a – cylindrical section length, b – conical section length,  

l ¬ total channel length, Rin – inlet radius of the conical section, Rout – outlet radius of the cylindri-cal 
section, vin – input velocity, vout – output velocity. 

No algebraic model was found in the available subject literature allowing to determine the 
limit value of compaction force acting on the dry ice FER as a function of geometric 
parameters of the single-channel die. Subject literature provides a mathematical model 
formulated on the basis of the power balance equation (refer with: Eq. 1) [19, 26]. When 
formulating the model, the assumption was used that the mass flux value is constant along 
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the entire length of the forming channel. The required power PZ is the sum of power 
dissipated along the forming section PD and frictional resistance Pμ. Moreover, the power 
value PZ is equal to the product of resistance force FER and input velocity vin.  

 {
𝑃𝑃𝑍𝑍 = 𝐹𝐹𝐸𝐸𝐸𝐸 ∙ 𝑣𝑣𝑖𝑖𝑖𝑖
𝑃𝑃𝑍𝑍 = 𝑃𝑃𝐷𝐷 + 𝑃𝑃µ

, (1) 

where Pμ is the sum of frictional power at the convergent section PμS and the cylindrical 
section PμC of the circular-symmetrical channel. Therefore, by substituting to the power 
balance equation (refer with: Eq. 1) we arrive at, 

 𝐹𝐹𝐸𝐸𝐸𝐸 ∙ 𝑣𝑣𝑖𝑖𝑖𝑖 = 𝑃𝑃𝐷𝐷 + 𝑃𝑃µ𝑆𝑆 + 𝑃𝑃µ𝐶𝐶 (2) 

Based on Huber’s hypothesis [26], the substitute yield strength was determined as√3𝑘𝑘𝑡𝑡. 
Hence, the dissipated power value PD, as a function of the geometric and kinematic 
parameters of the process in an axial-symmetrical channel can be described with the below 
equation, 

 𝑃𝑃𝐷𝐷 = √15 ∙ 𝜏𝜏𝑎𝑎 ∙ 𝑣𝑣𝑖𝑖𝑖𝑖 ∙ 𝑅𝑅𝑖𝑖𝑖𝑖
2 ∙ 𝑙𝑙𝑙𝑙 𝐸𝐸𝑖𝑖𝑖𝑖

𝐸𝐸𝑜𝑜𝑜𝑜𝑜𝑜
 (3) 

where 𝜏𝜏𝑎𝑎 is the dry ice agglomerates shear stress. 
Based on the product displacement value, an algebraic formula was established to describe 
the variance in energy dissipation due to friction in a symmetrically convergent forming 
channel PμS. 

 𝑃𝑃µ𝑠𝑠 = ∫ µ𝑇𝑇 ∙ 𝜏𝜏𝑎𝑎 ∙ 𝑤𝑤𝑘𝑘 𝑑𝑑𝑆𝑆𝑠𝑠𝑆𝑆𝑠𝑠
 (4) 

where SS is the surface area of the side of the convergent section, its value can be described 
with the formula below, 𝑤𝑤𝑘𝑘  is the resultant agglomerate displacement speed and µ𝑇𝑇  is a 
friction factor, 

 𝑆𝑆𝑠𝑠 = ∫ 2𝜋𝜋 ∙ 𝑅𝑅(𝑧𝑧)𝑆𝑆𝑠𝑠
𝑑𝑑𝑆𝑆𝑠𝑠  (5) 

After integration and transformation of the above equations (refer with: Eq. 4, Eq. 5) we 
arrive at the following, 

 𝑃𝑃µ𝑆𝑆 = 𝜇𝜇𝑇𝑇 ∙ 𝜏𝜏𝑎𝑎 ∙ 𝑣𝑣𝑖𝑖𝑖𝑖∙𝐸𝐸𝑖𝑖𝑖𝑖
2

𝑐𝑐𝑐𝑐𝑠𝑠𝑐𝑐∙𝐸𝐸𝑜𝑜𝑜𝑜𝑜𝑜
2 ∙ 2𝜋𝜋

𝑐𝑐𝑐𝑐𝑠𝑠𝑐𝑐
(𝑅𝑅𝑖𝑖𝑖𝑖 ∙ 𝑏𝑏 ∙ − 𝑏𝑏2

2
∙ 𝑡𝑡𝑡𝑡𝑙𝑙𝑡𝑡) (6) 

Subsequently, frictional power in the cylindrical section of the forming channel was 
determined similarly, using the equation below, 

 𝑃𝑃𝜇𝜇𝐶𝐶 = ∫ 𝜇𝜇𝑇𝑇 ∙ 𝜏𝜏𝑎𝑎 ∙ 𝑣𝑣𝑖𝑖𝑖𝑖 𝑑𝑑𝑆𝑆𝐶𝐶𝑆𝑆𝐶𝐶
 (7) 

where SC is the surface area of the side of the cylindrical section, which can be described 
with the following equation, 

 𝑆𝑆𝐶𝐶 = ∫ ∫ 𝑅𝑅𝑐𝑐𝑜𝑜𝑡𝑡𝑑𝑑𝑧𝑧𝑑𝑑𝑑𝑑𝑎𝑎
𝑧𝑧=0

2𝜋𝜋
𝜃𝜃=0 = ∫ ∫ 𝑅𝑅𝑖𝑖𝑖𝑖 − 𝑏𝑏 ∙ 𝑡𝑡𝑡𝑡𝑙𝑙𝑡𝑡 𝑑𝑑𝑧𝑧𝑑𝑑𝑑𝑑𝑎𝑎

𝑧𝑧=0
2𝜋𝜋

𝜃𝜃=0  (8) 

After integration and transformation of the equations 7 and 8, we arrive at the following, 

 𝑃𝑃𝜇𝜇𝐶𝐶 = 𝜇𝜇𝑇𝑇 ∙ 𝜏𝜏𝑎𝑎 ∙ 𝑣𝑣𝑖𝑖𝑖𝑖 ∙ 𝐸𝐸𝑜𝑜𝑜𝑜𝑜𝑜
2

𝐸𝐸𝑖𝑖𝑖𝑖
∙ 𝑡𝑡 (9) 
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Afterwards, the developed expressions referring to individual dissipated forces were 
substituted and transformed (refer with: Eq. 3, Eq. 6, Eq. 9) into the power balance equation 
(refer with: Eq. 2), as a result, we arrived at the formula allowing to determine the value of 
FER as a function of geometric and physical parameters of compacted dry ice.  

 𝐹𝐹𝐸𝐸𝐸𝐸 = 𝜏𝜏𝑎𝑎 ∙ 𝑅𝑅𝑖𝑖𝑖𝑖
2 (√15 ∙ 𝑙𝑙𝑙𝑙 𝐸𝐸𝑖𝑖𝑖𝑖

𝐸𝐸𝑜𝑜𝑜𝑜𝑜𝑜
+ 2𝜋𝜋 ∙ 𝜇𝜇𝑇𝑇 ∙ 1

𝑐𝑐𝑐𝑐𝑐𝑐2𝛼𝛼∙𝐸𝐸𝑜𝑜𝑜𝑜𝑜𝑜
2 (𝑅𝑅𝑖𝑖𝑖𝑖 ∙ 𝑏𝑏 − 𝑏𝑏2

2
𝑡𝑡𝑡𝑡𝑙𝑙𝑡𝑡) + 𝑎𝑎

𝐸𝐸𝑜𝑜𝑜𝑜𝑜𝑜
) (10) 

3 Analysis of parameters influence 

The formulated model allows to determine the value of FOP as a function of Rin, Rout, α, a, b. 
The indicated parameters are geometrically related which allows exclude the variable 
parameter α from the rest. Given that the forming dies are installed in working channels 
with set diameters, for the purpose of the analysis it was assumed that the Rin value is equal 
to 18 mm and must remain constant. This serves to limit the scope of analysis of geometric 
parameter variance to the following ranges 

 𝑅𝑅𝑐𝑐𝑜𝑜𝑜𝑜 ∈ (0.0001; 0.018) (11) 

 𝑡𝑡 ∈ (0; 0.25) (12) 

 𝑏𝑏 ∈ (0; 0.017) (13) 

If the variance of a geometric parameter value did not affect the value of another parameter, 
the following characteristics were assumed as initial–boundary 

𝑅𝑅𝑖𝑖𝑖𝑖 = 8 𝑚𝑚𝑚𝑚, 
𝑡𝑡 =  10°, 
𝑡𝑡 = 15 𝑚𝑚𝑚𝑚, 
𝑏𝑏 = 17 𝑚𝑚𝑚𝑚. 
The results of the analyses are presented in form of three graphs describing the variance 

of FER value as a function of Rin, a, b (Fig. 4-6). 
For the purpose of comparison of the influence of individual parameters on the 

resistance force value FER, function value variability gradient was determined as indicated 
in the characteristics. The values are provided in Table 1. 

 
Fig. 4. Variance of FER value as a function of a. 
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Fig. 6. Variance of FER value as a function of Rout. 

Table 1.Model sensitivity indicators. 
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4 Conclusions 
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─ the use of dies with high value of Rin to Rout quotient may materially affect process 
efficiency; therefore, there are grounds for utilizing multi-channel dies for the 
compaction of dry ice with diameter below 6 mm, 

─ the length of the cylindrical section has a significantly larger influence than the 
length of the convergent section. 

Further work will verify the algebraic model based on empirical data results. 

References 

1. B. Axmann, F. Elbing Strahlerfahren, Zeitschrift fur wirtschaftlichen Fabrikbetrieb. 
ZWF, 92, 3, 16-77 (1997).  

2. L. Chen, X. Zhang A review study of solid-gas sublimation flow refrigeration: Form 
basic mechanism to applications. International Journal of Refrigeration, 40, 61-83 
(2014).  

3. S. Dong, B. Song, B. Hansz, et al. Modeling of dry ice blasting and its application in 
thermal spray. Material Research Innovations, 16, 61-66 (2012).  

4. A. Dzido, P. Krawczyk, M. Kurkus-Gruszecka Numerical Analysis of Dry Ice Blasting 
Convergent-Divergent Supersonic Nozzle. Energies, 12, 4787 (2019). 

5. A. Fierek, I. Malujda, K. Talaśka Design of a mechatronic unit for application of coats 
of adhesive. MATEC Web of Conferences, 254, 01019-1 - 01019-11 (2019). 

6. A. Fierek, I. Malujda, D. Wilczyński, K. Wałęsa Analysis of shaft selection in terms of 
stiffness and mass. IOP Conference Series: Materials Science and Engineering, 776,  
012028-1 - 012028-9 (2020). 

7. A. Fierek, I. Malujda, D. Wilczyński, K. Wałęsa, Preliminary research of strength of 
glued connections of plastic elements. IOP Conference Series: Materials Science and 
Engineering, 776, 012027-1 - 012027-11 (2020). 

8. J. Górecki, I. Malujda, K. Talaśka, et al. Static compression tests of concentrated 
crystallized carbon dioxide. Applied Mechanics and Materials, 816, 490-495 (2015).   

9. J. Górecki, I. Malujda, K. Talaśka, et al. Investigation of internal friction of 
agglomerated dry ice. Procedia Engineering, 136, 275-279 (2016). 

10. J. Górecki, I. Malujda, K. Talaśka Influence of the Value of Limit densification Stress 
on the Quality of Pellets During the Agglomeration Process of CO2. Procedia 
Engineering, 136, 269-274 (2016). 

11. J. Górecki, I. Malujda, K. Talaśka, et al. Dry ice compaction in piston extrusion 
process. Actamechanica et automatic, 11, 4, 313-316 (2017). 

12. J. Górecki, I. Malujda, K. Talaśka, M. Kukla, P. Tarkowski Influence of the 
compression length on the ultimate stress in the process of mechanical agglomeration 
of dry ice. Procedia Engineering, 177, 363-368 (2017). 

13. J. Górecki, I. Malujda, K. Talaśka, et al. Influence of geometrical parameters of 
convergent sleeve on the value of limit stress. MATEC Web of Conferences, 157, 
05006, 050061-0500610 (2018). 

14. J. Górecki, K. Talaśka, K. Wałęsa, D. Wilczyński Analysis of the Effectiveness of Dry 
Ice Agglomeration in Crank Piston Pelletizeri. Machine Dynamics Research, 4, 4, 33-
41 (2018). 

15. J. Górecki, I. Malujda, D. Wilczyński The influence of geometrical parameters of the 
forming channel on the boundary value of the axial force in the agglomeration process 
of dry ice. Matec Web of Conferences, 254, 05001 (2019).  

16. J. Górecki, I. Malujda, D. Wilczyński, D. Wojtkowiak Influence of the face surface 
shape of the piston on the limit value of compaction stress in the process of dry ice 
agglomeration. Matec Web of Conferences, 254, 06001 (2019).  

7

MATEC Web of Conferences 357, 08001 (2022) https://doi.org/10.1051/matecconf/202235708001
MMS 2020



17. J. Górecki Preliminary analysis of the sensitivity of the algebraic dry ice agglomeration 
model using multi-channel dies to change their geometrical parameters. IOP 
Conference Series: Materials Science and Engineering, 776, 012030-1 - 012030-7 
(2020). 

18. J. Górecki, A. Fierek, K. Talaśka, K. Wałęsa The influence of the limit stress value on 
the sublimation rate during the dry ice densification process. IOP Conference Series: 
Materials Science and Engineering, 776, 012072-1 - 012072-7 (2020). 

19. J. Górecki, K. Talaśka, K. Wałęsa, D. Wilczyński, D. Wojtkowiak Mathematical 
Model Describing the Influence of Geometrical Parameters of Multichannel Dies on 
the Limit Force of Dry Ice Extrusion Process. Materials, 13, 15, (2020) DOI: 
https://doi.org/10.3390/ma13153317. 

20. M. Kujawski, P. Krawiec Analysis of Generation Capabilities of Noncircular Cog belt 
Pulleys on the Example of a Gear with an Elliptical Pitch Line. Journal of  
Manufacturing  Science and Engineering-Transactions of the ASME, 133, 5 (2011). 

21. M. Li, W. Liu, X. Qing, X., et al. Feasibility study of a new approach to removal of 
paint coatings in remanufacturing. Journal of Materials Processing Technology, 234, 
102-112 (2016).  

22. Y. Liu, G. Calvert, C. Hare, et al. Size measurement of dry ice particles produced form 
liquid carbon dioxide. Journal of Aerosol Science, 48, 1-9 (2012).  

23. Y. Liu, D. Hirama, S. Matusaka Particle removal process during application of 
impinging dry ice jet. Powder Technology, 2017, 607-613 (2012).  

24. Y. Liu, H. Maruyama, S. Matsusaka Agglomeration process of dry ice particles 
produced by expanding liquid carbon dioxide. Advanced Powder Technology, 21, 652-
657 (2010). 

25. I. Malujda Modeling of limit stress fields and temperature in plasticizing and 
compaction processes oriented to the needs of machine design. Poznan University of 
Technology (2012).  

26. I. Malujda, D. Wilczyński Mechanical properties investigation of natural polymers. 
Procedia Engineering, 136, 263-268 (2016). 
 https://doi.org/10.1016/j.proeng.2016.01.208. 

27. Ł. Magdziak, I. Malujda D. Wilczyński D. Wojtkowiak Concept of improving 
positioning of pneumatic drive as drive of manipulator. Procedia Engineering, 
 177, 331-338 (2017). https://doi.org/10.1016/j.proeng.2017.02.234. 

28. V. Masa, P. Kuba Efficient use of compressed air for dry ice blasting. Journal of 
Cleaner Production, 111, 76-84 (2016). 

29. A. Mazzoldi, T. Hill, J. Colls CO2 transportation for carbon capture and storage: 
Sublimation of carbon dioxide from a dry ice bank. International Journal of 
Greenhouse Gas Control, 2,  210-218 (2008).  

30. A. Mikołajczak, P. Krawczyk, M. Stępień M., et al. Preliminary specification of the dry 
ice blasting converging-divergent nozzle parameters basing on the standard (analytical) 
methods. Rynek Energii,  4, 91-96 (2018). 

31. I. Minoru, D. Kazuki, N. Kyosuke, M. Yuta, Y. Yotsumi, C. Toshimasa Increase of 
Snow Compaction Density by Repeated Artificial Snow Consolidation Formation.  
Journal of the Institute of Industral Applications Engineers,  8, 3, 103-111 (2020) 

32. C. Otto, S. Zahn, F. Rost, et al. Physical Methods of cleaning And Disinfection of 
Surfaces.  Food Engineering Review, 3, 171-188 (2011).  

33. P. Perz, I. Malujda, D. Wilczyński, P. Tarkowski Methods of controlling a hybrid 
positioning system using LabVIEW. Procedia Engineering,  177, 346-339  (2017). 

34. A. Purohit, R. Singh, A. Mohan Role of particulate cabon dioxide on removal of 
Salmonella and Listeria attached to stainless steel sirfaces. LWT, 122, 108979 (2020). 

8

MATEC Web of Conferences 357, 08001 (2022) https://doi.org/10.1051/matecconf/202235708001
MMS 2020



17. J. Górecki Preliminary analysis of the sensitivity of the algebraic dry ice agglomeration 
model using multi-channel dies to change their geometrical parameters. IOP 
Conference Series: Materials Science and Engineering, 776, 012030-1 - 012030-7 
(2020). 

18. J. Górecki, A. Fierek, K. Talaśka, K. Wałęsa The influence of the limit stress value on 
the sublimation rate during the dry ice densification process. IOP Conference Series: 
Materials Science and Engineering, 776, 012072-1 - 012072-7 (2020). 

19. J. Górecki, K. Talaśka, K. Wałęsa, D. Wilczyński, D. Wojtkowiak Mathematical 
Model Describing the Influence of Geometrical Parameters of Multichannel Dies on 
the Limit Force of Dry Ice Extrusion Process. Materials, 13, 15, (2020) DOI: 
https://doi.org/10.3390/ma13153317. 

20. M. Kujawski, P. Krawiec Analysis of Generation Capabilities of Noncircular Cog belt 
Pulleys on the Example of a Gear with an Elliptical Pitch Line. Journal of  
Manufacturing  Science and Engineering-Transactions of the ASME, 133, 5 (2011). 

21. M. Li, W. Liu, X. Qing, X., et al. Feasibility study of a new approach to removal of 
paint coatings in remanufacturing. Journal of Materials Processing Technology, 234, 
102-112 (2016).  

22. Y. Liu, G. Calvert, C. Hare, et al. Size measurement of dry ice particles produced form 
liquid carbon dioxide. Journal of Aerosol Science, 48, 1-9 (2012).  

23. Y. Liu, D. Hirama, S. Matusaka Particle removal process during application of 
impinging dry ice jet. Powder Technology, 2017, 607-613 (2012).  

24. Y. Liu, H. Maruyama, S. Matsusaka Agglomeration process of dry ice particles 
produced by expanding liquid carbon dioxide. Advanced Powder Technology, 21, 652-
657 (2010). 

25. I. Malujda Modeling of limit stress fields and temperature in plasticizing and 
compaction processes oriented to the needs of machine design. Poznan University of 
Technology (2012).  

26. I. Malujda, D. Wilczyński Mechanical properties investigation of natural polymers. 
Procedia Engineering, 136, 263-268 (2016). 
 https://doi.org/10.1016/j.proeng.2016.01.208. 

27. Ł. Magdziak, I. Malujda D. Wilczyński D. Wojtkowiak Concept of improving 
positioning of pneumatic drive as drive of manipulator. Procedia Engineering, 
 177, 331-338 (2017). https://doi.org/10.1016/j.proeng.2017.02.234. 

28. V. Masa, P. Kuba Efficient use of compressed air for dry ice blasting. Journal of 
Cleaner Production, 111, 76-84 (2016). 

29. A. Mazzoldi, T. Hill, J. Colls CO2 transportation for carbon capture and storage: 
Sublimation of carbon dioxide from a dry ice bank. International Journal of 
Greenhouse Gas Control, 2,  210-218 (2008).  

30. A. Mikołajczak, P. Krawczyk, M. Stępień M., et al. Preliminary specification of the dry 
ice blasting converging-divergent nozzle parameters basing on the standard (analytical) 
methods. Rynek Energii,  4, 91-96 (2018). 

31. I. Minoru, D. Kazuki, N. Kyosuke, M. Yuta, Y. Yotsumi, C. Toshimasa Increase of 
Snow Compaction Density by Repeated Artificial Snow Consolidation Formation.  
Journal of the Institute of Industral Applications Engineers,  8, 3, 103-111 (2020) 

32. C. Otto, S. Zahn, F. Rost, et al. Physical Methods of cleaning And Disinfection of 
Surfaces.  Food Engineering Review, 3, 171-188 (2011).  

33. P. Perz, I. Malujda, D. Wilczyński, P. Tarkowski Methods of controlling a hybrid 
positioning system using LabVIEW. Procedia Engineering,  177, 346-339  (2017). 

34. A. Purohit, R. Singh, A. Mohan Role of particulate cabon dioxide on removal of 
Salmonella and Listeria attached to stainless steel sirfaces. LWT, 122, 108979 (2020). 

35. K. Talaśka, I. Malujda, D. Wilczyński Agglomeration of natural fibrous materials in 
perpetual screw technique - a challenge for designer. Procedia Engineering, 136,  69-63 
(2016).  

36. K. Wałęsa, I. Malujda, D. Wilczyński Shaping the parameters of cylindrical belt 
surface in the joint area. Acta Mechanica et Automatica, 13(4), 255-261 (2019). 

37. K. Wałęsa, I. Malujda, D. Wilczyński Experimental research of the thermoplastic belt 
plasticizing process in the hot plate welding. IOP Conferences: Materials Science and 
Engineering, 776, 1, 012011 (2020). 

38. K. Wałęsa, I. Malujda, J. Górecki Experimental research of the mechanical properties 
of the round drive belts made of thermoplastic elastomer. IOP Conferences: Materials 
Science and Engineering, 776, 1, 012107 (2020). 

39. Ł. Warguła, M. Kukla, P. Krawiec, B. Wieczorek Impact of Number of Operators and 
Distance to Branch Piles on Woodchipper Operation. Forests, 11, 598 (2020). 

40. A. Witte, M. Bobal, R. David R., et al. Investigation of the potential of dry ice blasting 
for cleaning and disinfection in the food production environment. LWT - Food Science 
and Technology, 75, 735-741 (2017). 

41. J. Winczek, E. Gawrońska Analytical description of thermal and structural strains in 
multipass GMAW surfacing and rebuilding. METAL 2015 - 24th International 
Conference on Metallurgy and Materials, Conference Proceedings, 910-914, (2015). 

42. J. Winczek, E. Gawrońska Numerical study of thermal and structural strains in 
multipassgmaw surfacing and rebuilding. METAL 2015 - 24th International 
Conference on Metallurgy and Materials, Conference Proceedings, 655-660 (2015). 

43. J. Winczek, E. Gawrońska, M. Gucwa, N. Szczygioł Theoretical and Experimental 
Investigation of Temperature and Phase Transformation during SAW Overlaying. 
Applied Sciences, 9, 7, (2019). 

44. D. Wojtkowiak, K. Talaśka Determination of the effective geometrical features of the 
piercing punch for polymer composite belts. International Journal of Advanced 
Manufacturing Technology, 104, 1-4, 315-332 (2019). 

45. D. Wojtkowiak, K. Talaśka The influence of the piercing punch profile on the stress 
distribution on its cutting edge. MATEC Web of Conferences, 254, 02001 (2019). 

46. D. Wojtkowiak, K. Talaśka Determination of the effective geometrical features of the 
piercing punch for polymer composite belts. International Journal of Advanced 
Manufacturing Technology, 104, 1-4, 315-332 (2019). 

47. D. Wojtkowiak, K. Talaśka Modelling the Belt Perforation Process with the Piercing 
Punch and the Die in Context of the Construction of the Punching Dies. IOP 
Conferences: Materials Science and Engineering, 647, 012013 (2019). 

48. D. Wojtkowiak, K. Talaśka, D. Wilczyński, J. Górecki, K. Wałęsa Determining the 
Power Consumption of the Automatic Device for Belt Perforation Based on the 
Dynamic Model. Energies, 14, 1, 317-1 - 317-15 (2021) 

49. H. Yamaguchi, X. Niu, K. Sekimoto, P.  Neksa Investigation of dry ice blockage in an 
ultra-low temperature cascade refrigeration system using CO2 as a working fluid. 
International Journal of Refrigeration, 34, 466-475 (2011). 

 
 

9

MATEC Web of Conferences 357, 08001 (2022) https://doi.org/10.1051/matecconf/202235708001
MMS 2020


