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ABSTRACT

BACKGROUND: Designing a combine harvester cabin climate system is a complex and multi-stage process that includes
solving a set of tasks. To solve them, a design engineer must have knowledge and skills in various fields, starting with thermal
engineering calculations and ending with experimental research methods and computer modeling, which requires a large
amount of intellectual and time resources. Therefore, the task of creating a unified method of engineering of combine harvester
cabin HVAC system is highly relevant.

AIM: Development of the HVAC system for a unified cabin of a grain harvester and a forage harvester. The designed HVAC
system is purposed to create a comfortable microclimate in the cabin of the combine for 2 people in summer and winter
operating conditions.

METHODS: The methodology of calculation and selection of the combine harvester cabin HVAC system, which includes
the development of engineering calculation methods and mathematical modeling of thermodynamic and ventilation processes
in the cabin, is considered.

RESULTS: The main parameters were determined: heat intakes and heat losses for the grain harvester and forage harvester
cabins, which amounted to 2.8 and 2.2 kW for the grain harvester, 2.9 and 2.35 kW for the forage harvester; the required
air flow rate supplied to the cabin to ensure a comfortable temperature — 740 m?/h; the percentage of air recirculation
regarding the conditions of absence of fogging and creation of excessive pressure in the cabin — 75%; the cooling and heating
capacity of the HVAC system, taking into account the operating conditions of the combine, are 7.8 and 6.3 kW respectively.
The selection of the main equipment of the HVAC system for a unified cabin for a new family of unified cabins of combines —
the BUHLER 1000 MFWD evaporator-heater and the Valeo TM16 compressor are chosen.

CONCLUSION: The HVAC system designed in accordance with the presented methodology is capable of ensuring a comfortable
cabin air temperature in the range of 22-24 °C at various operating modes of the combine harvester in different regions.
In addition, the HVAC system parameters eliminate fogging of the cabin windows and the penetration of dusty air inside due
to the created excessive pressure.

Keywords: combine harvester; HVAC system; engineering calculation; design; computer modeling.

To cite this article:
Maslensky VWV, Bulygin Yul, Pavlikov AV. The HVAC system engineering method for a new family of unified cabins of combine harvesters. Tractors and
Agricultural Machinery. 2024;91(4):466—477. DOI: https://doi.org/10.17816/0321-4443-626787

Received: 12.02.2024 Accepted: 13.04.2024 Published online: 01.09.2024

4 The article can be used under the CC BY-NC-ND 4.0 International license w moscow
ecolvecTonr © Eco-Vector, 2024 polytech


https://doi.org/10.17816/0321-4443-626787
https://doi.org/10.17816/0321-4443-626787
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://crossmark.crossref.org/dialog/?doi=10.17816/0321-4443-626787&domain=PDF&date_stamp=2024-11-05

467

KAYECTBO, HAEHHOCTb Tom 91, N2 4, 2024 TpaKTOPbI V1 CeMbX03MaLLMHL!

DOI: https://doi.org/10.17816/0321-4443-626787

ODVII'VIHaJ'IbHOG nccneaposaHme

MeTtoaonorus npoeKTUPOBaHUA KNUMaTUYECKOM
CUCTEMbl A1 HOBOr0 CeMeMCcTBa YHU(ULMPOBAHHBIX
KabuH KoMbauHOB

B.B. MacneHckun, H0./. bynebirun, A.B. MaBnvkos

[loHCKOM rocynapcTBEHHbIN TeEXHUYECKMiA yHuBepcuTeT, PoctoB-Ha-[loHy, Poccuitckas ®epnepaums

AHHOTALIMA

BeepneHue. [poeKTMpOBaHME KIMMATUYECKON CUCTEMbI KabuHbl KoMbaiiHa — CNOXHBIA M MHOFO3TanHbIA NPOLecE, BKIYa-
fowmi B cebs KoMnnekc 3apay. [lng ux peLueHns MHXKEeHep-KOHCTPYKTOP AO/MKeH 001aaaTh 3HaHMAMU U HaBblKaMK B pas-
JIMYHBLIX 06N1aCcTAX, HaYMHAA C TENNOTEXHUYECKUX PACYETOB M 3aKaH4YMBas METOAMKaMU MPOBELEHMS 3KCMEPUMEHTANbHBIX
UCCnefoBaHU U KOMMbIOTEPHBIM MOAENMPOBaHMEM, Ha YTO TpebyeTca OobLUOe KONMYECTBO MHTENJIEKTYaNbHbIX M Bpe-
MeHHbIX pecypcoB. [Mo3ToMy 3agaya co3aaHus YHUPULMPOBAHHON METOLO0NIOMMM NPOEKTUPOBAHMA KIMMATUYECKON CUCTEMBI
KabuHbl KoMbaliHa ABNAETCA BECbMa aKTyasbHOM.

Lenb uccneposanmua. Lenbio HacTosien paboTbl sBnseTca paspaboTka KIMMATUYECKOW CUCTEMbl AN YHUQUUMPOBAH-
HOM KabuHbl 3epHOYybopoyYHOro M KopMoybopoyHoro KombaiHa. [poeKTupyeMas KIMMaTMYecKas CUCTeMa MpefHa3HayeHa
ANs c03AaHus KOMGOPTHOro MUKpOKIMMaTa B KabuHe KoMbaiiHa 1 2-X YesIOBEK B YCNOBUAX IETHErO M 3UMHEr0 PeXuMa
3KCnyaTaumm.

Matepuanbl u Metoabl. PaccMaTpuBaeTcs MeTOAOMOMMS pacyeTa M Bbibopa KIMMAaTUYeCKOH cucTeMbl KabuHbl KoMbaiiHa,
BK/l0YaloLLasA B cebsa pa3paboTKy MeTOAMKM MHMEHEPHbIX PacyeToB M MaTeMaTW4YecKoe MoJenMpoBaHue TepMoaMHaMUye-
CKUX M BEHTUNALMOHHBIX NPOLLECCOB B KabuHe.

Pesynbtatbl. OnpesenieHbl OCHOBHbIE NapaMeTpbl: TEMIONPUTOKM W TENoNoTepu Ans KabuHbl 3epHOYBOPOHHOr0 M KOpMO-
ybopouHoro KoMbaiiHa, KoTopble coctaBuim 2,8 u 2,2 KBT ons 3epHoybopoyHoro kombaiHa; 2,9 u 2,35 KBT ans KopMo-
ybopouHoro koMbaiiHa; HeoOX0AMMBIA pacxod Bo3ayXa, NoAaBaeMbli B KabuHy ans obecneveHns KOMGOPTHO TeMnepary-
pbl — 740 M3/4; NpOLEHT peumpKyNALMM BO3MyXa U3 YCOBMIA OTCYTCTBUSA 3an0TeBaHMA U CO3[aHNA M3BLITOYHOTO AaB/eHUs
B KabuHe — 75%; Xonofo- 1 Tennonpou3BoAMUTENIbHOCTb KIMMATUYECKON CUCTEMBI C YYETOM YCNOBUIA 3KCTTyaTaLuu KOM-
bantHa — 7,8 n 6,3 KBT cootBeTcTBEHHO. OcyLecTBneH noabop 0CHOBHOrO 060pyA0BaHUA KIIMMATUYECKOH CUCTEMBI 1S YHU-
Gu1uMpoBaHHON KabuHbI AN18 HOBOTO CEMEICTBA YHUPULIMPOBAHHBIX KabuH KoMbailHoB — wcnaputenb-otonutens BUHLER
1000 MFWD; komnpeccop Valeo TM16.

3aknioyeHue. CrnpoeKTMpoBaHHas B COOTBETCTBMM C MPEACTaBNIEHHOW METOAMKOM KAMMaTU4ecKass cucTeMa Mo3BOJUT
obecneunTb KOMQOPTHYID TeMnepaTypy Bo3ayxa B KabuHe B npegenax 22—-24 °C npu pasnuyHbIX peXkMMax 3KCniyatauuu
KoM0aliHa B pa3fiyHbIX perioHax. KpoMe Toro, napaMeTpbl KIMMaTUYECKON CUCTEMbI UCKITKOYAT 3arnoTeBaHWe CTEKON KabWHbI
M 33 CYET CO3JaHHOr0 U3BbITOYHOrO AABNIEHUS — NPOHUKHOBEHWE BHYTPb 3aMblIeHHOr0 BO3AyXa.

KnioueBble cnoBa: KoMbalH; KNMMaTU4eCKas CUCTEMa; MH)KEHeprIﬁ pacyeT; NnpoeKTupoBaHue; KOMNbKOTEPHOEe MOAeNn-
poBaHue.
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INTRODUCTION

Designing the heating, ventilation, and air conditioning
(HVAC) system [1-5] for a combine harvester cab involves
solving numerous challenging problems. Key tasks include
developing engineering calculation methods using Excel
and verifying these calculations with experimental test
data. Furthermore, scientific problems related to finite
element ventilation modeling must be addressed using
modern ANSYS software.

Selecting the correct main equipment for the HVAC
system requires linking (adapting) the developed
engineering methodology to match the technical
characteristics of suppliers’ equipment, which may have
been tested under different test conditions than those of the
harvester cab. This article presents the methodology for
designing an HVAC system, using the new cabin of the SAV
3 combine harvester as an example. It summarizes
the calculation methodology and discusses the results
obtained.

A review of relevant publications and accomplishments
in this field reveals that choosing the right HVAC system
relies primarily on accurately calculating heat exchange
within the operator’s cabin, using various methods.

The following methods and techniques have been
identified:

1. An experimental method with parameter
measurements. For example, in [6], this involves
measuring the temperature difference both outside
and inside the cabin first with the heater off and on.

2. Engineering calculation. This is an approximate method
that calculates the total heat transfer coefficient
of various surfaces during convective and radiant heat
exchange [7]. This technique is presented in more
detail in [1, 4].

3. Mathematical modeling of heat and mass transfer.
This complex method uses a mathematical approach
to analyze the cabin’s thermal regime systematically.
It describes the cabin micro-climate using a system
of differential equations [8].

4. Computer simulation. Widely used in modern scientific
research, this approach allows for three-dimensional
modeling of non-stationary heat and mass transfer
processes. It enables subsequent analysis of physical
phenomena through modern software like ANSYS
and NX CAE.

INITIAL DATA AND REQUIREMENTS
FOR THE DESIGN OF THE COMBINE
HARVESTER CAB HVAC SYSTEM

The initial data and requirements for designing the HVAC
system in combine harvester cabs were formulated
by technical specialists at KZ Rostselmash LLC, located
in Rostov-on-Don. They provided information on the cabin
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dimensions and materials for the grain harvesting ZUK

and forage harvesting KUK combine harvesters. Thermal

insulation properties of cabin materials were referenced
from SP 50.13330.2012 “Thermal protection of buildings”
or according to suppliers.

The surface areas of cabin elements were determined
using 3D models. The thicknesses and types of cabin
walls were selected either from 3D models and drawings
of the designed elements, or by analogy with existing
cabins, considering their layered structures if not explicitly
designed during calculations.

Outdoor air parameters were based on the operating
conditions of the combine harvesters: in summer,
the outdoor air temperature can reach up to +45°C
with a relative humidity of @ = 30%; in winter, it can drop
to 20°C with a relative humidity of ¢ = 80%. The maximum
solar radiation intensity is 950 W/m?2. The HVAC system
must operate with partial cabin air recirculation
within the cabin, calculated to prevent fogging of the cabin
windows.

The internal air parameters in the cabin should
align with the effective temperature diagram according
to GOST ISO 14269-2-2003 under maximum summer
and minimum winter operating conditions.

Given the complexity and multi-factor nature
of the problem, the initial data on the dimensions and
materials of the cabin walls are input into engineering
calculation files (Excel). This data can be adjusted during
later design stages, which helps automate calculations
and reduces the designer’s workload.

To achieve the above indicators, it is necessary
to adhere to a certain algorithm, presented below
in stages:

1. Calculating heat flows and determining the parameters
and volume of air supplied to the cabin.

2. Calculating and selecting the main elements for the air
conditioning system, considering air dustiness and
heat exchange equipment pollution.

3. Drawing up an air treatment scheme and determining
thermal loads on the main equipment of air
conditioners, considering air recirculation.

4. Calculating and selecting the main equipment of the air
conditioning system for combine harvester cabins,
considering the length of the cooling ducts.

5. Developing a methodology for selecting climate system
equipment adapted to the technical characteristics
of suppliers’ equipment and the conditions of their
protocol tests.

6. Developing a mathematical model of heat and mass
transfer and calculating thermodynamic parameters
in a full-fledged 3D cabin model using the finite
element method performed in the ANSYS software.

7. Verifying the calculation process using experimental
data by comparing engineering calculation
methods, results from finite element modeling
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of cabin ventilation, and HVAC system performed
conducted by specialists of KZ Rostselmash LLC
and manufacturers of individual system elements.

DETERMINATION OF THERMAL LOADS
AND LOSSES ON THE COMBINE
HARVESTER CABIN

In previous studies, the authors extensively analyzed
the heat flows and heat loss in the SAV 3 combine
harvester [9-11]. The analysis revealed during summer,
the most significant heat flow is attributed to solar
radiation, amounting to 1393.2 watts. It is recommended
to calculate this using P.Y. Hamburg, which incorporates
shading coefficients, or according to [12]. Furthermore,
transmission heat input, measured at 914.1 W, constitutes
a larger share of the total heat input, while operational
heat input plays a less important role. In winter, major heat
losses are primarily attributed to transmission heat gain.
This data is crucial for determining the required air flow
and load on the heat exchange equipment. For calculations,
the highest value is selected with an outdoor air velocity
of 2.7 m/s (10 km/h).

DETERMINATION OF THE REQUIRED AIR
FLOW RATE SUPPLIED TO THE CABIN

The air consumption required to assimilate excess
heat and reduce the temperature to an optimal +24°C
is determined from the thermal balance of the cabin,
according to the following equation:

P

_p-c-Atp'

(1)

where Q is the thermal load on the cabin, kW; p —
denotes the air density, kg/m3; ¢ indicates the specific heat
of air, J/(kg-K); At, signifies the permissible operating
temperature difference equal to 10°C.

The permissible operating temperature difference
At, was selected based on recommendations for
air supplied to the working area, adjusted according
to experimental data from KZ Rostselmash LLC. This data
pertains to the air temperature at the outlet of deflectors
in combine harvesters during summer operations. Since
the air conditioning scheme in the combine cabin does
not provide for changing airflow across different modes,
it is necessary to determine the required temperature
of hot air at the deflectors’ outlet for winter conditions.
Based on the air consumption for the summer mode,
we convert Eq. 1 to the following form:

t =ZQ+ZK, (2)
c-L

Har

where ¢, is the temperature of the internal air, °C.
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Thus, to maintain a comfortable cabin temperature
of 24°C under winter design conditions, it is necessary
to supply air at a rate of 0.227 m3/s with a temperature
of 31.8°C.

CALCULATION OF THE THERMAL LOAD
ON THE EVAPORATOR AND CABIN
HEATER

To determine the mixing point of return air and
supply air, we use the mixing rule based on the following
equation:

L -t +L -t
f =t ©)
Lo6

where L, L, are the flow rate of recirculating and supply
air, m¥/s; t, t, are the temperature of recirculating
and supply air, °C, and L is the total air flow, m%/s.

In summer mode with 75% recirculation in the cabin,
the mixing temperature will be 29.3°C. For winter mode,
under the same recirculation level, it will be 13°C.

To calculate thermal loads, we will determine the heat
and humidity relationships and construct i-d diagrams
for both summer and winter modes. These diagrams will
illustrate the parameters of the nodal points (Fig. 1 and 2).

The heat and humidity ratios for both periods are
determined using the following equation:

%% +i,, (4)

where ZQ;, is the total inflow of sensible heat, kJ/h;

e, =

ZW represents the total consumption of moisture

exchanged in the process of changing the state of the air,
kg/h; i, denotes the specific enthalpy of water vapor
(i, = 2500). During the summer, the value of &, was
29684 J/kg, while during the winter, it reached
21917 J/kg.

Thermal load on the evaporator in the recirculation
mode:

QO:LH'p.(ic_in)v (5)

where i, i, indicate the specific enthalpy of mixed and
supply air, respectively.

The calculated thermal load on the evaporator
was initially 6 kW. However, considering recirculation,
contamination levels, and a coefficient compensating
for pressure loss in the return line to the compressor,
this increases by 30% compared to that determined
by Eq. 5, resulting in 7.8 kW. Similarly, the heater load
was calculated at 6.3 kW.

The effect of dust contamination on the heat transfer
surfaces of the HVAC systems in combine harvester
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Fig. 1. The process of changing the air condition in the i-d diagram for the summer conditions.
Puc. 1. lpouecc n3MeHeHUs COCTOSHUA BO3AyXa B i-d AvMarpamMMe ANns JIETHEr0 pexuMa.

cabins, particularly its effect on calculating the thermal
load on the evaporator and heater (using a coefficient
of 1.3) is detailed in [13].

These calculations were performed under operating
conditions in a very hot and dry climate (Kazakhstan,
Uzbekistan) at an ambient temperature of +45°C and 30%
humidity.

Further, using the same method, the thermal load
on the evaporator was determined for other regions
based on their climate reports (SP 131.13330.2020
“SNiP 23-01-99* Construction climatology"):

1. Krasnodar Krai, characterized by a hot and humid
climate with an ambient temperature of +37°C and

humidity of 67%;

DAl https://doiorg/10.17816/0321-4443-626787

2. Amur region, known for its hot and very humid climate,
with an ambient temperature of +35°C and humidity
of 80%.
For winter conditions, real indicators of outdoor
temperature and humidity for any region are specified.
Table 1 presents the final calculated data for all
regions during the summer.

CALCULATION OF THE COOLING
CYCLE OF THE COMBINE CABIN AIR
CONDITIONING SYSTEM

The selection and calculation of the main components
of the cooling equipment, such as the compressor and
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Fig. 2. The process of changing the air condition in the i-d diagram for the winter conditions: H — the state of the outdoor air; B —
the state of the air inside the cabin; C — the state of the mixture of recirculating and outdoor air; /1 — the state of the supply air.

Puc. 2. lMpouecc n3MeHeHWs COCTOSAHUA BO3AyXa B i-d AMarpaMMe [ 3MMHEro pexuMa: H — coctosiHue HapyxHoro Bo3ayxa; B — co-
CTOSIHWE BO3/yXa BHYTPU KabuHbl; C — COCTOSIHME CMECU peLMpKYNALMOHHOIO M Hapy)KHOO BO3AyXa; [1— COCTOSHME NPUTOYHOIO BO3AYXa.

condenser, were based on experimental data developed
by KZ Rostselmash LLC together with the August air
conditioning plant. Table 2 presents the operating
parameters of the cooling cycle derived from this data.
Principal feature of these studies include pressure
losses in the suction, discharge, and heat exchanger
circuits, as along with temperatures of boiling,
discharge, superheating, and subcooling. Experts from
KZ Rostselmash LLC anticipate similar pressure losses
and operating temperatures in the new SAV3 cabin
system. Therefore, the cycle compilation for selecting

DAl https://doiorg/10.17816/0321-4443-626787

key equipment will utilize existing experimental data
from the cooling circuits of the combine harvesters of KZ
Rostselmash LLC.

The main operating parameters of the system, such
as condensation and boiling pressure, overheating,
and supercooling, are defined based on recommendations
[12, 13] and available experimental data. The boiling
pressure for a freon cooling machine for air cooling
is assumed to be 5°C. The condensation pressure is
10°C above the ambient temperature, resulting in 55°C
under the selected design conditions. Pressure losses,
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Table 1. Final calculations of heat loads for the summer conditions

Tabnuua 1. Wtorosble pacyeTbl TeNJI0BbIX HAarpy3oK AJ14 JIeTHero pexuma

Region

Thermal load
on the cabin, kW

Required cabin air
flow rate, m3h

Thermal load
on the evaporator with

Thermal load taking
into account the coefficient

recirculation of 75%, kW of 1.3, kW
Kazakhstan, Uzbekistan 28 817 6 78
Krasnodar Krai 2,4 688 6 78
Amur region 2,2 656 59 76

Table 2. Parameters of nodal points of the theoretical cycle of a cooling machine with the R134a according to the p-i diargam and tests
Tabnumua 2. MapaMeTpbl y3/10BbIX TOUEK TeopeTuyeckoro umkna XM ¢ R134a cornacHo p-i aMarpaMMbl 1 UCTIbITAHUAM

T 1 2 2’ 3 3 4
p. MPa 0,345 0,28 1,69 1,6 1,6 1,52 0,345
t,°C 4,72 15 60,24 5794 5794 52,94 4,72
T.K 27781 288,15 333,39 328,15 331,09 326,09 278,15
i, kJ/kg 402,49 412,63 429,66 428,73 282,49 275,0649 275,0649
v, m¥/kg 0,061572 0,079619 0,013276 0,014045 - - 0,022

overheating temperature, and supercooling temperatures
are taken from available studies of the operating cooling
circuits of the system and specified at key points
in the cooling circuits.

The compressor selection was made from Valeo's
range of automotive compressors, which are already
used in the HVAC installations of Rostselmash combine
harvesters. According to the technical characteristics
of Valeo compressors, the recommended condensation
temperature during evaporator boiling ranges from
55°C to 67°C, aligning with existing guidelines [14, 15].
However, it is important to note that the compressor
performance data, depending on the clutch speed,
provided by the manufacturer assumes conditions
of 10°C overheating and 5°C supercooling, without
pressure loss in the cooling circuit during real
conditions. Therefore, when designing the cooling cycle,
it is crucial to account for these losses and adjust the
required compressor frequency from the standard level
declared by the manufacturer. The method of calculating
the cooling cycle is indicated below, considering
the actual conditions of existing tests of cooling
circuits.

We define the operating parameters of the cooling
cycle from tests carried out on the operating cooling
circuit of the combine at the August air conditioning
plant under conditions that closely resemble real-world
scenarios.

The specific mass cooling capacity of the cooling
agent was 127.43 kJ/kg according to the following
equation:

Gy =l —1y. (6)

DAl https://doiorg/10.17816/0321-4443-626787

The specific heat of compression in the compressor
determined by the following equation:

L =i,-i, )
will be equal to 17.03 kJ/kg.

The specific thermal load on the condenser reaches
value of 147.17 kJ/kg and is calculated according to:

g =1 —ly. (8)

The mass flow of the heat removal agent according
to the following equation

M == )

will be 0.0612 kg/s.

The required theoretical volumetric capacity of
the compressor was determined as 0.008 m%/s according
to the following equation:

y M
T }\, '
where v, is the specific volume of the sucked steam,
m3/h; and A is the compressor actual volumetric

efficiency.

Based on the obtained value of V. and
recommendations regarding compressor speed,
the "Valeo TM16" compressor was selected. Its technical
characteristics are presented in Table 3.

According to compressor operation guidelines [13],
the optimal operating condition is a coupling rotation speed

of 3100 rpm. At this selected frequency, the cylinder's

(10)
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working volume is equal to 0.008 m%/s using the following
equation:
0,7854-D*-S-n-z
Vo=
’ 1000

where D is the cylinder diameter, cm; S is the piston
stroke, cm; n is the crankshaft rotation speed, 1/s;
and z is the number of cylinders.

: ()

Table 3. Technical specification of the Valeo TM16 compressor

Ta6nuua 3. TexHUuecKve XapaKTEPUCTUKN KOMMIpeccopa
«Valeo TM16»

Parameter Value
Compressor type Heavy Duty Swash Plate
Type Valeo TM16
Displacement, cm3/rev 163
Cylinder diameter, cm 3,6
Piston stroke, cm 2,67
Number of cylinders, pcs 6
Revolution speed, rpm 6000

The resulting flow rate matches the theoretical value,
confirming the evaporator ability to deliver a capacity
of 7.8 kW at a coupling speed of 3100 rpm, thereby
validating the selection of the compressor. Verification
and further testing are necessary, as a decrease in suction
pressure requires higher volumetric performance,
requiring an increase in compressor speed.

The actual mass flow rate of the cooling agent
in the compressor, calculated using Eq. 10, is 0.0615 m3/s.

The actual cooling capacity of the compressor,
calculated by Eq. 9, is 7.83 kW.

All conditions are valid for a loss of suction pressure
of no more than 1 bar. Should this loss increase,
the compressor speed will need to be adjusted, which will
be confirmed by bench tests at the August air conditioning
plant.

HVAC SYSTEM COMPONENT SELECTION
METHODOLOGY

After the capacity of the main working components
of the air conditioning system was determined, a request
was made to the August air conditioning plant about
the need to provide components with a capacity according
to the calculated one.

EVAPORATOR-HEATER

The August air conditioning plant proposed an
evaporator-heater and provided calculations for
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both cooling and heating capacities in accordance
with the parameters calculated using this methodology.
These results are listed in Tables 4 and 5.

Verification of engineering methods of calculation
by means of universal

From the calculations provided by the August
air conditioning plant for the evaporator and heater,
it appears that air consumption, temperature difference,
cooling capacity, and heating capacity are sufficient
to ensure cooling and heating requirements according
to this methodology. However, as with any theoretical
calculations, validation in real operating conditions
is essential. The calculations were performed under
certain standard calculation conditions. In this case,
it is necessary to draw up a test procedure confirming
the calculations of the evaporator and heater before
installing the components on the combine harvester.
This procedure should closely mimic the real working
conditions of the combine harvester cabin HVAC system.
Only after successful testing should the components be
installed on the real combine harvester.

COMPRESSOR

When determining the necessary volumetric
capacity and coupling speed of the processor, real
operating conditions from serial combine harvesters
were considered. However, similarly to the evaporator,
it is necessary to confirm these calculations through
bench tests that closely mimic real-world conditions.
This evaluation ensures the system operates effectively
based on the selected operating parameters. The main
criterion for assessing the effectiveness of the combine
harvester cabin HVAC system is achieving the proper
system balance, maintaining the required temperature
difference and managing air flow and rotation
of the compressor coupling.

CONDENSER

The factory manufacturer of climatic equipment
“August” offered a serial condenser that, according
to calculations based on this method and those by “August”
(see Table 5), adequately provides the necessary heat
removal. This still needs to be confirmed later by bench
tests.

ANSYS PACKAGE ON THE BASIS
OF FINITE ELEMENT MODELING

Using modern mathematical and computer modeling
increases the reliability of designers’ conclusions and
expands the scope of process studies.

To address the objectives, a mathematical model
of heat and mass transfer was developed, along with




KAYECTBO, HALIEXKHOCTD

Tom 91, N2 4, 2024

TpaHTOpb\ M CENbXO3MallWHbI

Table 4. Results of the calculations of the BUHLER 1000 MFWD evaporator-heater
Tabnuua 4. PesynbTatbl pacyeTo ucnaputens-otonutens BUHLER 1000 MFWD

humidiI;r:fp ::? tall.ltntal;e inlet Air flow humidiI; Tfp :ir: tautntei;e inlet Performance, kW
Summer mode
28,2 °C; 60 % 720 13,5°C; 93.2 % 6,72
1000 14,8 °C; 91,2 % 8,4
293 °C; 65 % 720 14 °C; 95,9 % 782
1000 15,4 °C; 94,1 % 979
27,6 °C; 70 % 720 13,6 °C; 971 % 738
1000 15 °C; 95,6 % 923
Winter mode
-20°C; 85 % 720 8°C; 8% 784
1000 4,7°C; 10 % 9,62
2°C;85% 720 23°C; 21,3 % 5,44
1000 20,6 °C; 24,7 % 6,7
20 °C; 50 % 720 47 °C; 1N % 6,6
1000 44 °C; 13 % 8,13
8,6°C;75% 1000 27 °C; 235 % 6,47
Table 5. Results of calculations of the condenser
Tabnuua 5. PesynbTathbl pacyeToB KOHAEHCATOpa
Condensing Subcooling/ Length, Number Number Number Temperature, humidity
temperature superheating mm of pipes of rows of circuits of air at the inlet
55 °C 5 855 2 2 40 °C; 50%
calculations of thermodynamic parameters and fair RESULTS

flow mobility within the unified cabins of ZUK and KUK
harvesters. Both numerical and analytical calculations
of the cabin’s gas dynamics were performed. The problem
formulation involved setting heat transfer coefficients,
external temperature, and solar radiation as explicit
boundary conditions.

In this form, the model most accurately reflects
the real air flow behavior in the cabin and can be used
to calculate various characteristics and parameters.
The developed numerical model allows to calculate
the desired characteristics and select the necessary
flow rates for any geometry and boundary conditions.
In particular, for this task, it enables changing
the geometry and location of inlet and outlet air
deflectors, setting different flow rates, temperatures,
and flow directions for each deflector. For example,
it can direct air to the windshield and driver at different
speeds, track air flows throughout the cabin, adjust
flow distribution, o and modify solar flows for any sun
location and radiation.

Figure 3 shows some results of the model calculation.
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Based on the calculation results and selection of key
HVAC system equipment for the unified SAV 3 combine
harvester cabin, using the above-described methodology,
the following conclusions were reached:

1. Initial data, including dimensions and materials
of combine harvester cabin walls, and external climatic
conditions with an outside air velocity of 10 km/h,
led to these design characteristics:

+ heat flows amounted to 2.8 kW for the ZUK cabin
and 2.9 kW for the KUK cabin;

+ heat losses amounted to 2.2 kW for the ZUK cabin
and 2.35 kW for the KUK cabin.

2. The estimated required air flow rate needed
to maintain a comfortable cabin temperature of 24°C
was 817 m3/h. Further modeling of heat and mass
transfer using the ANSYS software package adjusted
this to 740 m3/h for both cooling and heating.

3. To prevent fogging and overpressure in the cabin,
air circulation was set at 75%, with 25% of fresh air
intake.
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contour-1
Static Temperature

7.85e+01
7.20e+01
6.54e+01
589e+01
5.24e+01
| 4.58e+01
3.93e+01
3.28e+01
262e+01
1.97e+01
1.32e+01

Fig. 3. The results of computer simulation of microclimate parameters in the cabin with the working HVAC system of the combine harvester

cabin: @ — lines of flow rate; b — air temperature.

Puc. 3. PesynbTtaThl KOMMbIOTEPHOTO MOAENMPOBAHUA NapaMeTpOB MUKPOKIMMATa B KabuHe npu pabotatowent KCKK: @ — nuHum Toka

cKopocTeid; b — TeMnepatypa Bo3ayxa.

4. Considering the operating conditions of the HVAC
system (air dustiness), a correction factor of K = 1,3
was introduced..

5. The cooling and heating capacities of the combine
harvester cabin HVAC system are as follows:

 cooling capacity is 7.8 kW;
heating capacity is 6.3 kW.

6. The Valeo TM16 type compressor was selected
for a coupling speed of 3100-3500 rpm based
on the cooling cycle calculations.

7. The condenser was designed to handle a thermal
load of 12.7 kW, with an evaporator cooling capacity
of 7.8 kW and a condensing pressure of 15 bar.

8. In the future, when selecting climate equipment,
suppliers should include thermal engineering
calculations and/or bench tests of specific units under
the specified external conditions with verified output
parameters for temperature, humidity and air flow.

CONCLUSION

Through collaboration with the designers at KZ
Rostselmash LLC, a 3D finite element model of the SAV3
combine cabin was developed. This digital copy
enabled modeling of heat and mass transfer processes,
allowing for precise calculations of gas dynamics
and thermodynamic parameters both inside the cabin
and on its surface [13]. For example, using the ANSYS
software package for modeling heat and mass transfer,
the flow rate and temperature parameters of the air
supplied for cooling and heating the cabin were clarified,
something not achievable with standard engineering
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calculations [1, 10]. Numerical calculations were carried
out in both winter and summer modes, which helped
in fine-tuning the equipment characteristics for the HVAC
system. It should also be noted that the accuracy of HVAC
parameter calculations was improved by validating
engineering methods using the universal ANSYS package
based on finite element modeling.
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