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Abstract. The article presents the results of field tests and experimental
studies of the efficiency of the climatic air conditioning system (ACS) in the
cab of a combine harvester “TORUM 785”. The studies were carried out
according to the Russian methods recommended for use in field tests of trac-
tors and self-propelled vehicles intended for agricultural work in the south-
ern regions of Russia. In the course of the research, a sufficiently high effi-
ciency of the climatic SCR of the cabin of the “TORUM 785” combine har-
vester was shown under various operating conditions. It is shown that the
created climatic SCRs are not inferior to foreign models developed by such
companies as John Deere, Claas and New Holland.

1 Introduction

To ensure comfortable working conditions for drivers of agricultural combines and other
vehicles, climatic air conditioning systems (ACS) are currently being created for driver cabs.
These systems must operate reliably and efficiently in a variety of operating conditions while
meeting the requirements of modern standards. These requirements are fulfilled at the plant
of PJSC Rostselmash during the design, creation and testing of climatic SCR of these com-
bines. Experimental research is widely used at all stages of production and testing of technical
objects. With the help of experimental data obtained in the course of field tests, the physical
and mathematical models of the objects under study are confirmed and refined.

Currently, research by a number of authors has established the insufficient efficiency of
existing ACS vehicles [1-5]. The efficiency of ACS is considered here from the point of view
of the minimum costs of consumed energy as the most energy-consuming systems installed
in transport [6—10]. A number of researchers also note that the existing ACS of combines,
based on modern microprocessor technology, do not provide the required accuracy of main-
taining the comfortable parameters of heat and humidity treatment of outdoor air under sharp
changes in operating conditions, as well as weather conditions [11-15].
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A necessary condition for the development and improvement of modern combines is the
creation of effective all-season climatic ACS for their cabins. As is known, the main param-
eters of the air in the cab of the combine are its cleanliness, absence of gas pollution, temper-
ature, humidity, and also the speed of its movement [1-2].

Comfortable values of the specified air parameters in the cabins of agricultural combine
harvesters differ depending on the conditions of their operation. In connection with this, the
Institute of Labor and Occupational Diseases of the Academy of Medical Sciences of the
Russian Federation for the drivers of these combines performing the appropriate work, it is
recommended to maintain comfortable values of air temperature in the combine cab: in sum-
mer time 20 ... 22° C (at a relative humidity of 25 ... 60%), in winter time 22 ... 25° C (at a
relative humidity of 40-60%). The specified parameters must be maintained at the same (in
winter and summer) comfortable air speed values (0.1 ... 0.3 m/s) in working area of combine
cab. Approximately the same values of air parameters are recommended by foreign research-
ers [6].

2 Main part. Field tests. Experimental results

In the course of field tests, the task was set to study the efficiency of grain and forage har-
vesters created by ACS, which provide comfortable working conditions for drivers under
various operating conditions of the harvesters. At the same time, the created climatic systems
should not be inferior to foreign competitors, such as John Deere, Claas and New Holland.

To solve this problem, it was necessary to investigate the efficiency of the climatic ACSs
created at the specified enterprise of the combines under various, especially difficult condi-
tions of their operation. The object of the study was the ACS of the domestic serial grain
harvester “TORUM 785”, which is being created at the PJSC Rostselmash plant.

Figure 1 shows the layout of the main elements and units of the climatic ACS of the
specified combine.

Fig. 1. Layout of elements and units of an effective climatic ACS of the combine “TORUM 785”

Climatic ACS of “TORUM 785" harvester includes an evaporator 1 with a cooling and
heating unit and a filter with a connecting hose 2, a supply ventilation unit 3, a compressor 4
with an electromagnetic clutch, a condenser 5 with connecting hoses and a receiver 6.

The harvester engine with the help of a belt drive and an electromagnetic clutch drives
the compressor 4, which compresses the gaseous freon and feeds it into the condenser. High
temperatures and pressures are generated in the condenser. This is because the compressor
used here is a positive displacement machine for compressing and discharging gas. This ma-
chine feeds gaseous freon into the channel, the movement through which is limited by the
small diameter of the adjustable opening of the thermostatic valve, which partially blocks the
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channel and thus creates a powerful hydraulic resistance to the movement of freon. Therefore,
the pressure and temperature of the moving compressible gaseous freon increase. In the con-
denser, gaseous freon condenses at constant pressure and turns into a liquid with high tem-
perature and pressure. The heat of condensation is dissipated in the environment. The inten-
sity of heat exchange between the condenser and the environment is provided by a fan. After
condensation, liquid freon, having high pressure and temperature, is throttled, i.e. expands
without doing useful work, coming out of the small opening of the thermostatic valve. As a
result of this expansion, the pressure and temperature of the liquid freon sharply decrease. In
this case, liquid freon begins to boil at a relatively low temperature and turns into steam of
low pressure and temperature. Thus, the thermostatic valve divides the freon path into two
channels: a channel with a constant high pressure and a channel with a constant low pressure.
The main process associated with air cooling in the working area of the combine cabin takes
place in the evaporator. Here the air supplied to the evaporator is cooled using a vane blower.
The power of the climate system used in the combines for air cooling is 5.6 kW, the refrig-
erant is R-134a. The unit is located under the hood of the combine. Here the evaporator is
integrated into the heating system. The intensity of heat exchange between the evaporator
and the surrounding air is provided by the fan. In this case, the air passing through the evap-
orator is cooled and forced into the cabin.

Condenser type — tubular-plate (Cu-Al) with heating capacity 6.5 kW. The condenser is
designed to cool the refrigerant by removing heat to the environment. Evaporating-heating
unit is a tubular-plate heat exchanger, block expansion valve, centrifugal fan and plastic co-
vers. Heat exchanger cooling capacity — 5,6 kW. Heat exchanger heating capacity — 5,5 kW.
Air consumption — 620 m>/h. The evaporative heating unit draws in air from the environment
or recirculated air from the cabin and delivers cooled or heated air to the cabin using a cen-
trifugal fan.

Figure 2 in the p — i coordinate system shows the actual cycle of the refrigerating machine
of the climate system of the combine, built on the experimental data on the main parameters
of the specified machine. In this figure, the temperature values t, °C marked in addition to
the main parameters: pressure p, Pa and enthalpy 1, J/(kgK). So, the temperature values are
marked on the boundary line separating the different regions of the aggregate states of freon.
Tests have shown that, as a result of pressure losses occurring on the suction and discharge
lines, as well as in the compressor valves, the refrigeration cycle, in contrast to the theoretical
cycle, is displayed on the diagram in a slightly different way. So, due to pressure losses at
the inlet to the compressor (section 7-1), the latter carries out suction at a pressure below the
evaporation pressure. Along with this, due to pressure losses at the outlet of the compressor
(section 2-3), the latter compresses the gaseous refrigerant to a pressure higher than the
condensing pressure. In addition to pressure losses in pipelines and valves, the deviation of
the real cycle from the theoretical one is also affected by the loss of heat and pressure during
the compression process. Therefore, the process of compression of gaseous freon in the
compressor (section 1-2) is not adiabatic, but polytropic.

The indicated losses generally reduce the efficiency of the ACS refrigeration machine of
the combine.

A thermostatic expansion valve (TEV) is installed to regulate the supply of refrigerant to
the evaporator.

The air conditioning system is controlled here by switching the speeds of rotation of the
fan shaft. This uses an electronic thermostat with a temperature sensor located on the control
panel.
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Fig. 2. Cycle of the refrigeration machine of the climate system of the combine “TORUM 785

The evaporator temperature sensor is installed on the evaporator fins on the air inlet side.
It sends a signal to the electronic thermostat to turn off the compressor when the preset air
temperature in the evaporator cavity is reached.

A pressure sensor is installed on the receiver and gives a signal to turn off the compressor
when the pressure in the system rises above 32 kgf/cm? and with a decrease in pressure less
than 20 kgf/cm?.

The main features of this climate system of the combine are that the evaporating and
heating unit is located below the cab. However, this arrangement has both positive and neg-
ative effects.

The most important positive effect of the lower arrangement of the unit is the saving of
space in the ceiling space of the cab. However, a number of studies and experience of ACS
operation have revealed negative factors, such as:

— high heat loss in the lower areas of the cab;
— inconvenience in servicing the filters of the evaporating and heating unit, etc.

Figure 3 shows a schematic diagram of the air conditioning system of the combine cab
“TORUM 785”.
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Fig. 3. Schematic diagram of the ACS of the harvester cab “TORUM 785”.

In order to answer the question whether the air conditioning system provides comfortable
working conditions for the operator, full-scale tests of the climate system were carried out.
Test object:
— climatic ACS combine harvester.

The purpose of the test:
— checking the overpressure in the cab for compliance with the standard conditions;

— checking the efficiency of the climatic ACS harvester.

Measuring instruments:
— digital pressure gauges Testo 512 (NeAG49704/712, NeAG49703/712);

— thermohygrometers Testo 625 (Ne02767930, Ne61153767, Ne61153761);
— temperature sensors Testo 108 (Ne 42611817; Ne 42611818) with thermocouples type "K";

—anemometer Kimo LV 117 (Ne 1P180361514).
Test conditions. The ACS tests of the TORUM 785 combine took place on the territory

of Rostselmash LLC on June 28, 2018, the testing time was from 14:30 to 16:30. Test con-
ditions are presented in Table 1.

Table 1. Test conditions
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Indicators The value of indicators according to test data
Test time Clear Test start 14:30 End of tests
weather ) 16:30
. Clear . . . .
Solar radiation* Light cloudiness | Light cloudiness
weather
Relative humidity, % Clear 76.3-76.5 85.8 - 86.0
weather
Ambient dry blilb tempera- | Not less thai 385395 397403
ture, °C +32
Ambient air temperature wet | Not less thai
bulb, °C 5 20.2-20.5 20.7-21.0
The speed of movement of air
entering the machine in the Not more
direction from front to back, than 5 L1-3.1 0.9-33
m/s
* Requirements for test conditions according to the standard.

The combine also measured the excess pressure in the cab. Before the start of measure-
ments, all vents of the ventilation system in the cab were fully open; the harvester engine was
started and set at rated speed. Overpressure measurements were performed for each of the 3
fan speeds. The measurement results are presented in table 2.

Table 2. Measurement results

Fan operating modes Standard requirements

1 2 3

Indicators

Excessive pressure in
the cabin, Pa 23 30 45
(test start)
Excessive pressure in
the cabin, Pa 112 118 125
(end of tests)

Not less than 50 Pa and
not more than 200 Pa

According to the measurement results, the overpressure in the cab of the combine har-
vester “TORUM 785” meets the requirements of the standard at all speeds of the fan shaft.

Measurements of temperature and humidity in the cab during the operation of the air
conditioner of the climate system on “TORUM 785” combines were carried out according to
the method described in the Russian Standard. Before starting the engine of the combine, the
initial values of temperature and humidity in the driver's cab were measured. The results of
measurements of the initial values are entered in the first lines of tables 3 and 4 (zero time
stamp).

During the experiment, the harvester was installed in such a way that the sun was in front
of the right, at an angle 25...30° from the longitudinal axis of the combine. Before the start
of the tests, all vents of the ventilation system in the cab were fully open and oriented in such
a way as to provide maximum airflow to the operator's body. Then the engine is started, the
air conditioner knob is set to the maximum cooling position, and the fan speed controller —
into position 3. After that, the parameters were measured at 6 points of the working area of
the cabin (Figure 4) with the air conditioner of the climate system running at a time interval
of 4 minutes. The tests were carried out until the moment when the air temperature in the
cabin at the points under study did not change by more than 0.5°C within 15 minutes. The
measurement results are shown in Tables 3 and 4. Based on the test results, graphs of changes
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in temperature and air humidity in the working area of the cabin were built (see Figures 5,
6).
280 10

460

Fig. 4. Location of measurement points

The test results of the air conditioner of the climate system are presented in Table 3, as
well as in Figures 5 and 6.

Table 3. Results of the air conditioner of the climate system
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0 40.9 41.4 40.1 40.1 | 40.1 | 40.1 24.4 25.7 40.4
32.6 333 322 326 | 329 | 322 18 24.6 32.6
8 29.3 29.8 29.2 29.3 | 30.1 | 29.6 16.7 27.3 29.5

12 | 274 28.6 27.4 27.8 | 28.8 28 15.9 27.7 28
16 | 26.1 27.5 26.6 26.7 | 27.5 27 15.2 28.5 26.9
20 | 255 26.3 25.5 259 | 265 | 26.1 14.7 29 26

24 | 243 25.4 24.4 25.2 26 25.6 14.5 29.1 25.1
28 | 24.5 25.6 24.3 245 | 255 | 252 14.1 28.7 24.9
32 | 255 26.5 24.4 245 | 254 | 247 13.8 29.6 25.2
36 | 23.6 24.5 24 244 | 25.1 | 24.8 13.9 29 24.4
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40 | 242 26.2 23.6 244 | 251 | 249 14 30 24.7
44 24 25.6 24 242 | 252 | 247 13.9 29.3 24.6
48 | 23.6 24.4 23.9 243 | 25.1 | 247 14 29.8 243
52 23 25 23.5 242 | 25.1 | 247 13.9 29.4 242
56 | 245 253 23.8 244 | 25.1 | 248 14 30.4 24.6
60 | 23.7 253 24.1 245 | 252 | 249 14.3 30.1 24.6

So, Figure 5 shows the results of a study of the efficiency of the ACS during field tests.
This figure shows changes over time T, min. of basic parameters: temperature t, °C and rel-
ative humidity @, %. Here:
— curve 1 — change in ambient air temperature;
— curve 2 — change in the relative humidity ¢ of the air in the working area of the cabin;
— curve 3 — change in the average air temperature at the workplace at point 6;

— curve 4 — change in air temperature at the workplace according to "wet bulb" at point 6.
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Fig. 5. Experimental time dependences of temperature and relative humidity of air in the combine

cab.

Figure 6 also shows the results of a study of the efficiency of the ACS during field tests.
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Fig. 6. Experimental time dependence of the air temperature at the workplace in the combine cab.
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This figure shows curves showing changes over time T, min. temperature t, °C at various

points in the working area of the cab (see Figure 4).

Here:

— curve 1 — change in ambient air temperature;

— curve 2 — change in the relative humidity ¢ of the air in the working area of the cabin;

— curve 3 — change in the average air temperature at the workplace at point 6;

— curve 4 — change in air temperature at the workplace according to "wet bulb" at point 6.
According to the results of the tests of the air conditioner of the climate system of the

combine “TORUM 785 at 60 minutes (see the graph in Figure 5), the steady-state average

air temperature in the cabin was +24.6 °C (at ambient temperature +38,5...+40,3 °C). The

maximum difference between the average temperature of the air in the cabin and the envi-

ronment was 15,7 °C, which corresponds the GOST requirements. According to these re-

quirements, the air conditioner must ensure that the air temperature at the workplace is not

lower than 11 °C (at ambient temperatures over +38 °C). In this case, the maximum temper-

ature difference at the control points of the cabin was 1,6 °C, which also corresponds the

requirements of the standard (according to these requirements, the air temperature at the

workplace at the control points should not differ by more than 5°C).

3 Output

Based on the test results, it can be concluded that the climate system for the combine
being created at the PJSC Rostselmash plant “TORUM 785 able to provide comfortable
conditions at the operator's workplace under various operating conditions of the combine. At
the same time, the requirements of the standard are met. At ambient temperatures above 40
°C comfortable conditions in the cab are provided within the recommended range only 40
minutes after the system is started. This indicates, however, that there is a low level of air
exchange in the cab under the specified conditions. To increase the intensity of air exchange
in the combine cab and to increase the efficiency of the ACS under these conditions, addi-
tional costs of energy supplied from the outside are required.
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