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Abstract. The work was aimed to develop the structural and functional diagram, automatic
graphs and operating algorithms of the natural and artificial cooling receiver/accumulator
for milk chilling in the capacitive cooler with low energy consumption. The automated
natural and artificial cooling installation was developed and the control parameters for milk
and water chilling in the accumulator were selected. The use of the natural cooling
installation in the cold season and of the combined installation (refrigeration installation
and natural cooling installation) in the warm season was substantiated from energy saving
point of view. The automatic graphs presented in the paper and the operating algorithms
developed on their base may be used to solve further engineering tasks related to efficiency
functioning of milk cooling system.

Keywords: automated installation, artificial cold, automatic graphs, milk cooling, natural cold,
operating algorithms.

Introduction

The environmental issues and those of low energy consumption are key issues in the
cooling process of milk that is one of the most indispensable, responsible and decisive in
the quality of final product [1].

In the conditions of a modern market economy and the constant increase in the cost
of energy, the use of natural cold is becoming more and more efficient and cost-effective
[2]. 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 improve economic indicators [3, 4].

The problem of using natural cooling to chill milk is urgent for Republic of Moldova,
since it imports over 90% of energy resources. A complex analysis to operate structural,
energetic, technological and economic effects confirms the appropriateness of using natural
and artificial cooling for milk chilling [5].
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The sources of economic effect are [6, 7].
e reduction of energy consumption when chilling milk;
e reduction of electric power of the milk chilling system;
e improvement of the production quality by enhancing the operational reliability of natural
cooling installations;
e reduction of raw materials consumption for manufacturing.

The most appropriate milk cooling technology or system depends on the location,
the availability of electricity and water, capacity requirements; and the capital and
operating costs [8].

The purpose of research is to develop an automated installation with natural and
artificial cold using automatic graphs and operating algorithms.

The proposed natural and artificial cold system can only be competitive if the
process of water and milk cooling is automated. In this case, automatic graphs are used to
automate the nominated installation.

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 SAUM, where a combined installation was implemented.

It included a refrigeration installation and a natural cooling installation for milk
chilling [9].

Figure 1. Combined refrigeration system for milk chilling with natural (a)
and artificial cold (b).

Results and discussions

In Republic of Moldova natural and artificial cooling installations (of combined
action) are the most effective ones.

The structural and functional diagram of the natural and artificial cooling
installation for milk chilling in a capacitive cooler is presented in Figure 1.

The structural and functional diagram of refrigeration installation and water
accumulator for milk chilling presented in Figure 2 differs since instead of a flow-through
cooler, a capacitive cooler is used, in which both cooling and storage of milk take place.
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Figure 2. Structural and functional diagram of the refrigeration installation and the water
accumulator for milk chilling in the capacitive cooler by using natural and artificial cooling.
1 - refrigeration installation; 2 - insulated water accumulator installed inside the farm;
3 - sprayer; 4 - capacitive cooler for milk chilling;

5 - water accumulator installed outside the farm.

The combined action installation for milk chilling in the capacitive cooler with
natural self-regulation is presented in Figure 3.

The installation (Figure 3) includes an accumulating vessel made in the form of a
lower and upper accumulating tank. The upper accumulating tank 1 is placed in the open
air and it has some supports 2 and a pipe 3, joined with a pump 4, at the end of which there
is a rotating support 5 with spray pipes 6 and aerodynamic plates 7, which are placed inside
a cylinder 8 with a flat screen 9 at the top and a conical screen 10 at the bottom. In the
lower part of the storage tank, on the axial bearing there is a tube 11 placed vertically,
whose horizontal cut is located in the upper part of the storage tank 1.

Parallel to the tube 11 there is a screen 12, the lower part of which forms a space
with the lower part of the accumulating tank 1. In the lower storage tank there is an
evaporator 14, connected by pipes 15 with a rechargeable refrigerating machine 16.

In the discharge tube at the bottom of the storage tank there is a hole 17, below
which on the opposite side of the lower storage tank there is a drain cavity 18, which is
connected by a drain tube 19 with a heat exchanger tank for milk 21, which is connected
with the pump 4 by a pipe, connected with the rotating support 5 and the spray tubes 6 by
the tube 3.

In the lower accumulating tank 13 and the drain cavity 18 there are placed
temperature sensors 22, connected to a control unit 23 and the water pump 4. A valve 24 is
installed on the delivery pipe from the pump.

The installation works as follow:

During the cold season, the refrigerant cools or freezes due to natural cold. While
cooling milk in the heat exchanger tank 21, the water from the vessel 20 enters the tube 3
through the discharge tube through the pump 4 and goes further into the spray pipes 6,
which come into rotary motion from the reactive jets. The aerodynamic plates 7 are also set
in motion, and they form an air flow, directed towards the sprayed refrigerant, which cools
it intensively.
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Figure 3. Refrigeration installation and water accumulator for milk chilling in the
capacitive cooler by using natural and artificial cooling [6].

The cold air flow further cools the water in the accumulating tank 1. The cooled and
sprayed water, flowing on the conical screen 10 and hitting the upper accumulating tank I,
mixes with the cooled water, passes through the hole between the screen 12 and the lower
part of the accumulating tank I and reaches the bottom of the lower accumulating tank 13
through the discharge tube. If the water in the upper accumulating tank 1 has frozen, then
the water flowing on the ice surface, while cooling and flowing over the edge of the screen
12, also enters the bottom of the lower accumulating tank 13 through the discharge tube,
Figure 3. If the temperature of the refrigerant (water) drops below the required temperature
(2-3°C), then the control unit 23 activates the rechargeable refrigeration installation 16. The
evaporator 14, connected by pipes 15 with the rechargeable refrigeration installation 16,
begins to cool the refrigerant, which flows over the edges of the drain cavity 18, enters the
heat exchanger tank 21 through the drain tube 19 and cools the milk.

If the refrigerant in the lower accumulating tank 13 freezes, then the refrigerant
flows through the hole 17 on the ice surface and through the drain tube 19 flows further
according to the cycle described above. During the warm season, when cooling of the
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refrigerant sprayed in the upper accumulating tank I may become ineffective, the
refrigerant flows from the pump 4 through the valve 24 and goes to the bottom of the lower
accumulating tank 13 and further cooling of milk takes place according to the procedure
described above.
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Figure 4. Directing water in the accumulator - 1, when the atmospheric temperature is t>
0°C (a) and t < 0°C (b).
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The control parameters of the milk chilling process in the capacitive cooler by using
natural and artificial cooling are:
water temperature in the water accumulator installed outside the farm;
water temperature in the insulated water accumulator installed inside the farm;
atmospheric air temperature;

e temperature of cooled milk.

These temperatures are fixed by the temperature transducers 22, 25, 26, and 32, Figure 3.

Next, we have developed automatic graphs and operating algorithms of the refrigeration
installation and the water accumulator for milk cooling in the capacitive cooler by using natural
and artificial cooling.

The automatic graph of the Mgy refrigeration installation in the milk chilling mode is
presented in Figure 5.

Figure 5. Automatic graph of the My refrigeration installation.

where: O; P; L; A - operating conditions of the My, refrigeration installation, stop, start,
operation, and fault, respectively
My — refrigeration installation (compressor 1);
His and hie — start and stop command, respectively;
hie - lack of signal from the stop button;
X25 and Xy6 - presence of signals from the transducers 25 and 26;
X25 and Xy6 - lack of signals from the transducers 25 and 26;
Pa: and Pa; - presence of fault signals;
Pa; and Pa; - lack of fault signals.
The operating algorithm of the refrigeration installation developed based on the
automatic graph presented in Figure 5 has the form:

Yie = (X25 * %26 + Hig) - g - Pay - Pay - My (1)
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The automatic graph of the water pump in the milk cooling mode is shown in Figure 6.

Figure 6. Automatic graph of the M, water pump.

where My - water pump; Hs4 and h4 - start and stop command, respectively; hy - lack of signal
from the stop button;
Pa; and Pa; - presence of fault signals; Pa; and Pa; - lack of fault signals.

The operating algorithm of the M4 water pump developed based on the automatic graph
presented in Figure 6 has the form:

Y, = (Yie - X2 + Hy) - hy - Pay - Pa, - M, (2)

The automatic graph of the valve 24 in the milk chilling mode is presented in Figure 7.

M24

Xas

Figure 7. Automatic graph of the valve 24.

where: V- valve 24
Xz6 - presence of signal from the water temperature transducer 26
X26 — lack of signal from the water temperature transducer 26

The operating algorithm of the valve 24 developed based on the automatic graph
presented in Figure 7 has the form:

You = %26 Vou (3)

The automatic graph of the valve 30 in the milk chilling mode is presented in Figure 8.

Figure 8. Automatic graph of the valve 24.

where:
V3 - valve 30
X26 - presence of signal from the water temperature transducer 26
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X26 - lack of signal from the water temperature transducer 26
Xz5 - presence of signal from the atmospheric transducer 25
X2s5 - lack of signal from the atmospheric transducer 25

Y33 - presence of signal from the valve 33

Yss - lack of signal from the valve 33

The operating algorithm of the valve 30 developed based on the automatic graph
presented in Figure 8 has the form:

Ysozg'xzs'x_za'vm (4)

The automatic graph of the valve 31 in the milk chilling mode is presented in Figure 9.

Vs:
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B

Figure 9. Automatic graph of the valve 31
where:
Vsi-valve 31
X22 - presence of signal from the water temperature transducer 22
X22 - lack of signal from the water temperature transducer 22.

The operating algorithm of the valve 31 developed based on the automatic graph
presented in Figure 9 has the form:

Y31 = X35 - V3q (5)

The automatic graph of the valve 33 in the milk chilling mode is presented in Figure 10.

Vi3

Figure 10. Automatic graph of the valve 33.

where:

V33- valve 33

X22 - presence of signal from the water temperature transducer 22
X22 - lack of signal from the water temperature transducer 22

X2s5 - presence of signal from the atmospheric transducer 25

X2s5 - lack of signal from the atmospheric transducer 25.

The operating algorithm of the valve 33 developed based on the automatic graph
presented in Figure 10 has the form:

Y33 = X2 " X325 V33 (6)
The automatic graph of the valve 23 in the milk chilling mode is presented in Figure 11.
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Figure 11. Automatic graph of the valve 23 in the milk chilling mode.

where:

Va3 - valve 23

X3, - presence of signal from the water temperature transducer 32
X3, - lack of signal from the water temperature transducer 32

X2s5 - presence of signal from the atmospheric transducer 25

X2s5 - lack of signal from the atmospheric transducer 25

Y33 - presence of signal from the valve 33

Yss - lack of signal from the valve 33

The operating algorithm of the valve 23 developed based on the automatic graph
presented in Fig. 11 has the form:

Yo3 = X35 Y33 Va3 (7)

The automatic graph of the valve 23 in the mode of water chilling in the tank 1 is
presented in Figure 12.

Figure 12. Automatic graph of the valve 23 in the mode of water chilling in the tank 1.

where:

V23 - valve 23

X3, - presence of signal from the water temperature transducer 32
X3, - lack of signal from the water temperature transducer 32

X25 - presence of signal from the atmospheric transducer 25

X2s5 - lack of signal from the atmospheric transducer 25

Y24 - presence of signal from the valve 24

Y24 - lack of signal from the valve 24

The operating algorithm of the valve 23 developed based on the automatic graph
presented in Figure 12 has the form:

Yo3 = X35 'E X33 " Va3 (8)

The refrigeration installation and the water accumulator for milk chilling in the
capacitive cooler Figure 3 by using natural and artificial cooling allow ensuring both the
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chilling of milk up to 6°C and the heating of water in accumulator during the warm season
up to 25-30°C (without water spraying) and up to 30-35°C with water spraying [10, 11].
Water chilling in the natural cooling installation (water accumulator A) Figure 13 (a)
takes place only at low atmospheric temperatures from t<4°C, without using the
refrigeration installation. The specific energy consumption for milk chilling is at the level of
0.3 kWh/t compared to 30-35kWh/t when using refrigeration installations [12].
The use of the water accumulator also in the warm season (for t> 4°C) for water chilling in
the accumulator from the refrigeration installation Figure 13 (b) allows reducing the electric
power of the refrigeration installation by about 1.6-1.7 times [13, 14].
At the same time, the chilling of water in the accumulator at night according to the
National Agency for Energy Regulation of Republic of Moldova (ANRE) allows reducing the
electric power bills by 40%, Figure 14 [15].
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Figure 13. Milk chilling by using natural (a) and artificial cold (b).

A - water accumulator;
R - cooler;
IF - refrigeration installation.
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Figure 14. Cost of electricity according to differentiated rates
depending on the consumption period.
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Conclusions
An automated natural and artificial cooling installation was developed at the

training and experimental complex of the State Agrarian University of Moldova and the
control parameters for milk and water chilling in the accumulator were selected.

The structural and functional diagram, automatic graphs and operating algorithms of

the natural and artificial cooling receiver/accumulator for milk chilling with low energy
consumption were developed.

The main advantages of using water accumulators together with refrigeration
installations are:

- saving energy and water;

- ensuring a high operating reliability of cooling systems as a result of cold
accumulation in accumulators with simple maintenance and repair;

- possibility to use a lower night tariff for energy consumption;

- lower cost price for cold accumulation;

- improving the ecological situation by reducing the amount of freons and freon oils
used.
It has been established that:

- the specific energy consumption for milk chilling 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;

- the use of water accumulator also in the warm season (for t> 4°C) for water chilling
in the accumulator from the refrigeration installation allows reducing the electric
power of the refrigeration installation by about 1.6-1.7 times;

- chilling of water in the accumulator during off-peak hours of energy consumption
according to the National Agency for Energy Regulation of the Republic of Moldova
(ANRE) allows reducing the electric power bills by 40%,;

- refrigeration installation and water accumulator allow to ensure both the chilling of
milk up to 6°C and the heating of water in the accumulator during the warm season
up to 25-30°C (without water spraying) and up to 30-35°C with water spraying.
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