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Abstract: This study is based on experimental data obtained on the milk cooling 

system at the training cattle farm of the State Agrarian University of Moldova, which 

comprises both natural and artificial sources of cold: a refrigeration unit and a natural 

cooling installation. The paper describes the structure diagram and operating principles 

of the natural and artificial cold receiver/accumulator with low energy consumption. 

The control parameters of the milk cooling process in the flow-through cooler by using 

natural and artificial cold were selected: water temperature in the accumulator installed 

outside the farm, water temperature in the accumulator installed inside the farm, 

atmospheric air temperature, and temperature of cooled milk. The operating algorithms 

for the receiver/accumulator under study are presented based on automatic graphs and 

logical algebra. The specific energy consumption for milk cooling when using the 

proposed installation is 0.3 kW h/t in the cold season.  
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Rezumat: Acest studiu se bazează pe datele experimentale obținute în baza 

sistemului de răcire a laptelui de la ferma didactică de bovine din cadrul Universității 

Agrare de Stat din Moldova, care constă dintr-o instalație frigorifică și o instalație cu 

frig natural. Lucrarea descrie diagrama structurală și principiile de funcționare a 

receptorului / acumulatorului cu frig natural și artificial cu consum redus de energie. 

Au fost selectați parametrii de control ai procesului de răcire a laptelui cu utilizarea 

frigului natural și artificial: temperatura apei în acumulatorul instalat în afara 

fermei, temperatura apei în acumulatorul instalat în interiorul fermei, temperatura 

aerului atmosferic și temperatura laptelui răcit. Algoritmii de funcționare a 

receptorului / acumulatorului sunt prezentați în baza grafurilor automate și algebrei 

logice. Consumul specific de energie electrică pentru răcirea laptelui la utilizarea 

instalației propuse constituie 0.3 kW h/t în perioada rece a anului. 

Cuvinte cheie: Schemă funcțional-structurală, grafuri automate, algoritmuri de 

funcționare, temperatura aerului atmosferic, instalație cu frig natural, instalație cu 

frig artificial, acumulator cu apă, instalație frigorifică.  

 

1. Introduction  

 

The environmental issues and those of low energy consumption are key 

issues in the field of food storage, especially for the primary milk processing [1]. 

The non-traditional technique of natural cooling is ecofriendly, because it excludes 

the use of freons, has a low energy consumption due to its limited consumption 

when accumulating cold and it does not require additional refrigeration rooms, and 

this contributes to improving economic indicators [2, 3].  The problem of using 

natural cold for milk cooling is urgent for Republic of Moldova, since it imports 

over 90% of energy resources.  

A complex analysis of operating, structural, energetic, technological and 

economic effects confirms the appropriateness of using natural and artificial cold for 

milk cooling. 

The sources of economic effect are: 

• reduction of energy consumption when cooling milk; 

• reduction of electric power of the milk cooling system; 

• improvement of the production quality by enhancing the operational 

reliability of natural cooling installations (IFN); 

• reduction of raw materials consumption for IFN manufacturing. 

 

2. Materials and methods 
 

The operating algorithms of the automated natural and artificial cooling 

installation were developed based on automatic graphs and logical algebra. 

The study was conducted based on experimental data obtained at the 

training and experimental complex of the State Agrarian University of Moldova 

(SAUM), where a combined installation was implemented. It included a 

refrigeration installation and a natural cooling installation for milk cooling.  
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                                    a)                                                        b)                                                

Figure 1. Combined refrigeration system for milk cooling with natural (a)  

and artificial cold (b) 

 

3. Results and discussions  

 

 It is possible to enhance the performance of the natural and artificial 

cooling installation (Fig.2; Fig.3) by: 

• using two water accumulators, one installed outside the farm and another 

one – inside the farm; 

• spraying water in the water accumulator; 

• obtaining hot water in the accumulator outside the farm for the process 

needs of the farm during the warm season.  

 

 
 
Figure 2. Structural and functional diagram of the refrigeration installation and the water accumulator 

for milk cooling in the flow-through cooler by using natural and artificial cold: 
1 – refrigeration installation; 2 – water accumulator with thermal insulation installed inside the farm; 

3 – sprayer; 4 – flow-through cooler for milk cooling; 5 – water accumulator installed outside the farm. 
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The water accumulator outside the farm is used to cool milk in the cold 

season, while in the warm season, water is heated naturally for the process needs of 

the farm. At the same time, during the warm season, water from the refrigeration 

installation is cooled and is later used to cool milk. The use of the water 

accumulator also in the warm season (for t> 40С) for cooling water in the 

accumulator from the refrigeration installation allows reducing the electric power of 

the refrigeration installation by about 1.6-1.7 times 

Water spraying in the cold or warm season permits respectively to lower or 

raise the water temperature practically to the atmospheric temperature. 

The natural and artificial cooling receiver/accumulator for milk cooling is 

shown in Fig. 3 [4]. The receiver/accumulator consists of a heat exchanger tank 1, a 

heat exchanger for milk 2, a refrigerant pump 3, an insulated tank for the refrigerant 

4, a drain pipe 5, rotating spray pipes 6, aerodynamic plates 7, and on the axis of 

the cylinder 8, there is mounted a rotating pipe 9, which has cone points 10 at the 

ends, which enter the axial bearings 11 with inverse cones, of which one outer 

scone is located on the screen 12, and another one is located on the heat exchanger 

tank 1, while the lower part of the rotating pipe 9 enters the cylindrical cavity 13 of 

the lower axial bearing, joined by the pipe 14 with the refrigerant pump 3 and 

further with the thermal insulation tank 4. In the lower part of the rotating pipe 9, 

which is in the internal cavity 13 of the axial bearing 11, there are holes, and the 

spray pipes 6 are placed radially on the outside of the pipe 9 in several rows. 

Some ends are connected to the inner part of the rotating pipe 9, and other 

ends are blocked, and there are a series of spray holes with horizontal axes along the 

generators of all spray pipes 6 on the same side, and above and below the spray pipes 

6 and along the entire length of the rotating pipe 9 there are a number of aerodynamic 

plates 7. A hollow cylinder 8 is installed with the formation of a gap with the upper 

edge of the heat exchanger tank 1, in the wall of which there is an opening of the 

drain pipe 5 connected to the insulated tank 4, and inside the heat exchanger 1 at the 

opening of the drain pipe 5 there is a screen 15 covering it, which forms gaps with the 

side wall of the heat exchanger tank 1 above and below, and at the top of it, at the 

level of the spray pipes mounted on the coaxial cylindrical screen 16. The hollow 

cylinder 8 is made of net, and a cylindrical shield 16 is installed in its upper part, on 

the outside, at the level of spray pipes. The accumulator/receiver works as follows. It 

is installed on the roof of the production room or on an upper passage, while the 

production room contains an insulated tank 4, a cooling pump 3 and a heat exchanger 

for milk 2. The accumulator/receiver is filled with water (coolant).  

During the cold season, to cool the milk, which comes in the heat 

exchanger for milk 2, the refrigerant pump 3 is connected and the refrigerant enters 

the internal cavity 13 through the pipe 14, then through the holes in the internal 

cavity of the rotating pipe 9 into the spray pipes 6 and is sprayed through holes. At 

the same time, the rotation moment is formed. The sprayed refrigerant goes 

downwards encountering a massive stream of cold air, which is directed by the 
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aerodynamic plates 7 into the cylinder 8. The captured air enters the gap between 

the upper part 8 and the screen 12. The sprayed cooled refrigerant reaches the heat 

exchanger tank 1. If there is ice in the tank, then the refrigerant drains to the surface 

of the ice, cools and goes to the insulated tank 4 through the drain pipe 5. If there is 

ice water or water mixed with ice in the heat exchanger tank 1 then cold water is 

“pushed” from the bottom of the heat exchanger tank 1 and passing under the edge 

of the screen 15 it reaches the drain pipe 5 and goes further into the insulated tank 

4, and then into the refrigerant pump and the process is repeated. 

 

 
 

Figure 3. Flow-through natural and artificial cold receiver/accumulator for cooling milk 
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The control parameters of the milk cooling process in the flow-through 

cooler by using natural and artificial cooling are: 

- water temperature in the accumulator installed outside the farm; 

- water temperature in the insulated accumulator installed inside the farm; 

- atmospheric air temperature; 

- temperature of cooled milk. 

These temperatures are fixed by the temperature transducers 17,18, 24 and 

29, Fig. 3. 

Next, we have developed automatic graphs and operating algorithms of the 

natural and artificial cooling refrigeration installation (receiver/accumulator). [5]. 

The automatic graph of the M19 refrigeration installation in the milk cooling 

mode is presented in Fig.4 . 
 

 
 

Figure 4. Automatic graph of the M19 refrigeration installation, 
where: O; P; IT; A – operating conditions of the M19 refrigeration installation, stop, start, operation, and fault, 

respectively; 

M19 - refrigeration installation (compressor 1); 

H19 and h19 - start and stop command, respectively; 
H19 - lack of stop signal; 

h̄19 - lack of signal from the stop button; 

x17 and x18 - presence of signals from the transducers 17 and 18; 
x̄17 and x̄18 - lack of signals from the transducers 17 and 18; 

h̄19 - lack of signal from the stop button; 

Pa1 and Pa2 - presence of fault signals; 
P̅a1 and P̅a2 - lack of fault signals. 

 

The operating algorithm of the refrigeration installation developed based on 

the automatic graph presented in Fig. 4 has the form: 

𝑌19 = (𝑥17 ∙ 𝑥18 +𝐻19) ∙ ℎ19̅̅ ̅̅ ∙ 𝑃𝑎1̅̅ ̅̅ ̅ ∙ 𝑃𝑎2̅̅ ̅̅ ̅ ∙ 𝑀19 (1) 

The automatic graph of the M3 water pump in the milk cooling mode is 

shown in Fig.5  

The operating algorithm of the M3 water pump developed based on the 

automatic graph presented in Fig. 5 has the form:  

𝑌3 = (𝑌16 ∙ 𝑥8̅̅ ̅ + 𝐻3) ∙ ℎ3̅̅ ̅ ∙ 𝑃𝑎1̅̅ ̅̅ ̅ ∙ 𝑃𝑎2̅̅ ̅̅ ̅ ∙ 𝑀3 (2) 

The automatic graph of the M3 water pump in the water heating mode 

(during the warm season) in the heat exchanger tank 1 (Fig. 3) is presented in Fig.6. 
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Figure 5. Automatic graph of the M3 water pump in the milk cooling mode, 
where:  

M3 - water pump; 
H3 and h3 - start and stop command, respectively; 

H̅3 - lack of stop signal; 

h̄3 - lack of signal from the stop button; 
Ym16 - presence of the milk pump operation signal; 

Pa1 and Pa2 - presence of fault signals; 

P̅a1 and P̅a2 - lack of fault signals. 
 

 
 

Figure 6. Automatic graph of the M3 water pump in the water heating mode 
where: M3 - water pump; 

H3 and h3 - start and stop command, respectively; 

H̅3 - lack of stop signal; 
h̄3 - lack of signal from the stop button; 

Y25 - presence of signal from the valve 25; 

Y26 - presence of signal from the valve 26; 
Y̅27 - lack of signal from the valve 27; 

x̄24– lack of signal from the water temperature transducer in the tank; 
x̄17– lack of signal from the atmospheric temperature transducer; 

Pa1 and Pa2 - presence of fault signals; 

P̅a1 and P̅a2 - lack of fault signals. 
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The operating algorithm of the M3 water pump in the water heating mode 

developed based on the automatic graph presented in Fig. 6 has the form: 

𝑌3 = (𝑌25 ∙ 𝑌26 ∙ 𝑌27̅̅ ̅̅ ∙ 𝑥24̅̅ ̅̅ ∙ 𝑥17̅̅ ̅̅ + 𝐻3) ∙ ℎ3̅̅ ̅ ∙ 𝑃𝑎1̅̅ ̅̅ ̅ ∙ 𝑃𝑎2̅̅ ̅̅ ̅ ∙ 𝑀3 (3) 

Automatic graphs of the valves 20 and 21 are presented in Fig. 7. 

 

  
 

(a)                     (b) 

 
Figure 7.  Automatic graphs of valves 20 (a) and 21(b) 

where:  

M20- valve 20 
M21- valve 21 

x17 – presence of signal from the atmospheric transducer 17 

x̄27 – lack of signal from the atmospheric transducer 17 

The operating algorithm of the valves 20 and 21 developed based on the 

automatic graph presented in Fig. 7 has the form: 

𝑌20 = 𝑥17 ∙ 𝑀20 (4) 

𝑌21 = 𝑥17̅̅ ̅̅ ∙ 𝑀21 (5) 

 The automatic graphs of the valves 25 and 26 are presented in Fig.8. 

 

                                   a)                                                                                       b) 
Figure 8. Automatic graphs of the valves 25 (a) and 26(b) 

where:  

M25– - valve 25 
M26 -  valve 26 

x17 - presence of signal from the atmospheric transducer 17 

x̄27 - lack of signal from the atmospheric transducer 17 

The operating algorithm of the valves 25 and 26 developed based on the 

automatic graph presented in Fig. 8 has the form: 

𝑌25 = 𝑥17 ∙ 𝑥27̅̅ ̅̅ ∙ 𝑀25 (6) 
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𝑌26 = 𝑥17 ∙ 𝑥27̅̅ ̅̅ ∙ 𝑀26 (7) 

The automatic graphs of the valves 27 and 28 are presented in Fig. 9.        

 

 
 

a) b)   

 
Figure 9. Automatic graphs of the valves 27(a) and 28(b) 

where:  

M27 - valve 27 

M28- valve 28 
y̅25 – lack of signal from the valve 25 

y̅26- lack of signal from the valve 26 

 

The operating algorithm of the valves 27 and 28 developed based on the 

automatic graph presented in Fig. 9 has the form: 

𝑌27 = 𝑦25̅̅ ̅̅ ∙ 𝑦26̅̅ ̅̅ ∙ 𝑀27 (8) 

𝑌28 = 𝑦25̅̅ ̅̅ ∙ 𝑦26̅̅ ̅̅ ∙ 𝑀28 (9) 

Based on the operating algorithms, the schematic electrical diagram for 

controlling the natural and artificial cooling accumulator was developed at the 

training and experimental complex of the State Agrarian University of Moldova 

(SAUM). The specific energy consumption for milk cooling when using the 

proposed installation is 0.3 kW h/t in the cold season, compared to 30-35 kW h/t 

when using typical refrigeration installations. [6,7]. 

 

4. Conclusions  

 

1. The structural and functional diagram, automatic graphs and operating 

algorithms of the flow-through natural and artificial cooling receiver/accumulator 

for milk cooling with low energy consumption were elaborated in the paper.  

2. The automated natural and artificial cooling installation was developed 

and the control parameters for milk and water cooling were selected.  

3. The specific energy consumption for milk cooling when using the 

proposed installation is 0.3 kW h/t in the cold season, compared to 30-35 kW h/t 

when using typical refrigeration installations.  
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4. The use of the water accumulator also in the warm season (for t> 40С) for 

cooling water in the accumulator from the refrigeration installation allows reducing 

the electric power of the refrigeration installation by about 1.6-1.7 times 

R E F E R E N C E S 

[1] Б.П. Коршунов, А.И. Учеваткин, Ф.Г. Марьяхин et al. Повышение эффективности 

систем охлаждения и хранения молока на фермах [Improving the efficiency of 

cooling and storage systems for milk on dairy farms]. В: Техника в сельском 

хозяйстве, N 2, c. 6-8, 2010. 

[2] А.И. Фокин, Ю.А. Цой, Б.Г. Зиганшин et al. Комбинированная установка для 

охлаждения молока с использованием искусственного и естественного холода 

[Combined installation for cooling milk using artificial and natural cold]. В: Техника и 

оборудования для села, N 10, с. 11-12, 2015. 

[3] Б.П. Коршунов, А.И. Учеваткин, Ф.Г. Марьяхин et al. ”Энергосберегающее 

оборудование для охлаждения молока на семейных фермах”[Low energy 

consumption equipment for cooling milk on family dairy farms”. В: Механизация и 

электрификация сельского хозяйства, c. 21-23, 2012. 

[4] L. Volconovici, M. Cernei, A. Volconovici et al. ”Применение холода для 

охлаждения молока и плодоовощной продукции”. Кишинев, 228 с., 2019 

[5] L. Volconovici, V. Crețu, M. Cușnir. “Mathematical model of the ecological system 

with electricity consumption for milk cooling in the Republic of Moldova”. In: 

SIELMEN 2011: proceedings of the 8-th Intern. Conf. on Electromechanical and Power 

Systems, Chisinău, 13-15 oct. 2011. 

[6] L. Volconovici, V. Crețu, M. Cușnir. “Experimental researches of the ecological system 

for cooling of milk with low energy consumption”. In: SIELMEN 2011: proceedings of 

the 8-th Intern. Conf. on Electromechanical and Power Systems, Chisinău, 13-15 oct. 

2011. 

[7] L. Volconovici, V. Crețu. “Răcirea laptelui cu aplicarea frigului natural și 

artificial”[Milk cooling with natural and artificial cold application]. Chișinău. Tehnica 

Info. 245 p., 2009. ISBN978-9975-63-301-7. 
 

. 


