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Abstract. This research addresses critical issues within the construction and mining sectors,encompassing operator
health and safety, productivity, equipment durability, and regulatory compliance. In addition, the research focuses
on microclimate management, ergonomics, and technology, and can improve the safety, comfort, productivity,and
sustainability of the industry. The objective of this study was to evaluate the quality of the microclimate within
the EKG-12K excavator cab, specifically examining airflow, temperature, operator comfort, and safety. Using
ANSYS Fluent, the microclimate was modelled under warm and cold conditions in accordance with international
standards. The findings revealed deficiencies in ventilation and air conditioning. During warmer periods, the
positioning of fans fails to facilitate adequate circulation of cooled air within the domain of the operator. Under
colder conditions, the interaction between fans and heat curtains generates air circulation around the axle at the
level of the driver’s seat. Temperature analyses demonstrated that during warm periods, the temperature ranges
between 23-25°C, necessitating substantial effort from the air conditioning system. During cold periods, certain
areas experience temperatures as low as 5°C, posing the risk of condensation and mould growth. Additionally,
there are concerns regarding dust circulation and the potential for glass breakage owing to temperature variations.
The conclusions underscore the necessity of optimising the microclimate within a cab to ensure operator comfort,
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safety, and excavator efficiency. The practical importance of this work lies in offering solutions to enhance the
safety, comfort, productivity, and longevity of the equipment

Keywords: cabin airflow dynamics; thermal comfort optimisation; dust particle suspension; computational fluid
dynamics simulation; ventilation system efficiency; temperature gradient analysis; condensation risk assessment

Introduction
Improving the health and safety of heavy mining and
construction equipment operators through improved
microclimate management is an important task. It is
inextricably linked to labour productivity and overall
production efficiency. I. Mehmood et al. (2022) show
that working with construction equipment for long pe-
riods can lead to mental fatigue and, as a result, an in-
creased risk of accidents related to human error, as well
as health problems for operators. E.C. Kayar & H. Oz-
can (2024) emphasised that the ambient temperature
is one of the main factors that negatively affects the
working conditions of excavator operators. The authors
emphasise that it is difficult to provide comfortable air
conditioning in excavator cabs because the weather
conditions are unpredictable. Therefore, before install-
ing an air-conditioning system, it is necessary to calcu-
late the efficiency of airflow distribution in the cab. The
authors Yu. Voichyshyn et al. (2023) emphasise that the
microenvironment in the excavator cab consists of a
number of physical parameters, including temperature,
humidity, air velocity and thermal radiation, which affect
the operator’s well-being. These parameters depend on
several external and internal factors. External deter-
minants that affect the cab microenvironment include
meteorological conditions, geographical location of the
work site, seasonal periods of work, and daily cycles.

As cabs have become an integral component of
modern excavators, the need to maintain thermal com-
fort has significantly increased. The main challenge
associated with this is the regulation of ambient tem-
perature, which is crucial for providing a favourable
working environment for excavator operators. Main-
taining a proper level of air conditioning in excavator
cabs is particularly challenging because of the unpre-
dictability of weather conditions. F.Lan et al. (2023) and
V. Aulin & M. Mahopets (2024) noted that evaluating
the efficiency of airflow distribution in an excavator
cab before installing an air conditioning system facil-
itates further optimisation. These system optimisation
studies have several benefits. Developing systems that
maintain optimal conditions accelerates project com-
pletion, thereby saving financial resources and time. In
addition, these studies aimed to improve air condition-
ing by assessing the specific cooling needs of the exca-
vator based on the expected workload.

The reviewed studies highlight the importance of
providing a favourable working environment for ex-
cavator operators and other mining and construction
equipment. One of the ways to solve this problem is to

create an optimal microclimate in the cab. These stud-
ies emphasise the need to model the distribution of air-
flow at the design stage of microclimate systems. At the
same time, the above studies do not sufficiently cover
the issues of temperature and air velocity distribution
in different areas of the cabin. In addition, no studies
have modelled the air distribution in machines used in
quarries and construction sites. Standards of Ukraine do
not regulate the distribution of air flows, but only their
temperature and speed. Manufacturers ensure compli-
ance with the operating conditions of the operators of
these machines by supplying the calculated amount of
air at the calculated temperature. In this regard, the aim
of this study was to analyse the microclimate of a mine
excavator cab, paying particular attention to air flow,
temperature conditions, operator comfort, and safety.

Materials and Methods

An EKG-12-K open-pit excavator was chosen for this
study. This type of excavator is widely used in the Kryvyi
Rih basin mining sector. The excavator is operated un-
der challenging conditions. In quarries, there are often
significant temperature fluctuations throughout the
day and seasons. There can be extreme heat in summer
and frost and snow in winter. Strong winds kick dust
and small particles that enter the cab and can lead to
respiratory illnesses. Numerical simulations were de-
veloped utilising ANSYS Fluent software (Ansys fluent
theory guide, 2021) (Fig. 1). The analysis was executed
in transient mode. The realisable k-epsilon model (Sha-
heed et al., 2019) was chosen to simulate turbulence,
and the energy option was enabled.

Figure 1. A mathematical representation of the
operator’s compartment of the EKG-12K excavator
Source: compiled by the authors
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The simulations adhered to ISO No. 10263-
4 (2009), which delineates the minimum perfor-
mance thresholds for air conditioning systems within
earthmoving equipment. This standard elaborates a
methodology for evaluating the influence of a heat-
ing system on the ambient temperature within the
operator’s cabin and explicates the fundamental

heating criteria. Figure 2 illustrates the position-
ing of the measurement points relative to the cabin
floor. The simulation was executed utilising the fi-
nite element method (Hou et al., 2021), incorporating
a mathematical model of the cabin airspace, which
comprised 364,666 nodes and 1,865,048 finite ele-
ments (Fig. 3).

Figure 2. The parameters of the excavator operator model that were utilised within the study

Source: 1ISO No. 10263-4 (2009)

Figure 3. A mathematical representation of the airspace within the operator’s cabin
of the EKG-12K excavator, encompassing both a general overview and sectional analysis

Source: compiled by the authors

The simulation process accounted for the turbulent
characteristics of the airflows, as well as the heat ex-
change occurring within the airflows themselves and
between the air, the cabin walls, and the glazing. The
analysis excluded radiation heat transfer effects during
calculations. The parameters of the model, as obtained
for both warm and cold seasons, were thoroughly ex-
amined. This simulation enabled the estimation of the
velocity, orientation, and temperature of the airflows

Journal of Kryvyi Rih National University, Vol. 22, No. 2, 2024

within the excavator cabin. Calculations have been
conducted considering the optimal functionality of
heat-generating equipment, neglecting the intermit-
tent automatic deactivation of the heating system.

Results

The EKG-12K excavator is engineered for the excava-
tion and loading of rocks classified under categories
I-11, based on the level of excavation difficulty without
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requiring loosening, category Il with partial loosening,
and categories IV-V with full loosening. The driver’s
cab of the EKG-12K excavator possesses dimensions
of 2x2.8x2.2 metres. The front facade of the cab is
constructed with a 15° inclination to enhance visibil-
ity. The cab is systematically divided into two distinct
zones: the excavator control zone and the rest zone. A
stationary partition delineates these zones. The exca-
vator control zone is equipped with video surveillance
apparatus and devices for monitoring the status of the
primary excavator components, in addition to mecha-
nisms for controlling the excavator’s rotation, boom,
and bucket positions. Conversely, the rest zone is fur-
nished with a sofa, a dining table, a microwave oven,
and an electric kettle. Furthermore, both zones are
furnished with communication devices and electrical
apparatus. The working zone features comprehensive
glazing, while the rest zone is outfitted with two blind
light openings.

The cabin features a mechanically assisted ven-
tilation system comprising both supply and exhaust
components. The air is introduced into the cabin via a
WildWind fan, which possesses a capacity of 185 cubic
metres per hour.Before entering the cabin, the air is sub-
jected to filtration. In conditions of cold weather, there
is provision for heating the incoming air. The supply fan
is installed on the rear wall of the cabin, directing air-
flow along the right wall towards the occupational zone.
Air extraction is conducted through a VENTS Ukraine
fan situated in the recreation area, located at the
upper section of the left wall. The operational capaci-
ties of both the supply and exhaust fans are equivalent.

During periods of elevated temperatures, the
cabin’s air is regulated by a Coleman-Mach air condi-
tioning unit. This unit employs a split system config-
uration, with the external component positioned atop
the cabin’s roof and the internal component affixed
to the ceiling. The air conditioning system possesses
a maximum air capacity of 118 litres per second. Air
intake within the internal unit is facilitated via lateral
air intakes, which are fitted with mesh dust filters. The
conditioned air is distributed through the front outlet
channel and two lower rotary deflectors. During colder
periods, the air within the cabin is warmed by two air
curtains and an electric convector. Both air curtains are
manufactured by OLEFINI. Specifically, the L/REN-13S
model air curtain is positioned above the front glass,
while the MINI 700 model air curtain is installed above
the entrance door. Additionally, the cabin’s recreation
area is equipped with a “Thermiya” electric convector
produced by the “Vinnytsia Mayak Plant”.

An examination of the direction and velocity of air-
flows during the warm and cold seasons revealed defi-
ciencies in the arrangement of ventilation and air condi-
tioning systems. These deficiencies become particularly
pronounced during the hot season when there is a ne-
cessity to activate the air conditioning unit. The issue

lies in the placement of both the supply and exhaust
fans, which are situated at the rear of the cabin and
positioned at an identical height from the floor (Fig. 4).

Figure 4. The orientation and velocity of air currents
within the operator’s cabin of the EKG-12K excavator
under conditions of elevated temperatures
Notes: a - perspective from the anterior right corner of the
cabin; b - perspective from the front-left corner of the cabin

Source: compiled by the authors

The supply fan generates a confined airstream
with a velocity range of 2.37 to 1.2 metres per sec-
ond. This airstream progresses along the upper right
quadrant of the cabin and converges at the wind-
screen, at which point it diverges into multiple branch-
es. One specific branch extends along the upper sec-
tion of the windscreen and, upon integration with
the airflow from the air conditioning unit, facilitates
a circular air circulation within the operational area of
the cabin. An alternate branch descends and proceeds
along the anterior right corner of the cabin, reaching
the cabin floor, where it bifurcates and integrates with
additional airflows. Another segment of the airflow
traverses from the upper to the lower section and from
right to left along the diagonal of the cabin’s front win-
dow. Upon arriving at the front left corner of the cabin,
this airflow alters its trajectory towards the rear and, in
conjunction with the initial branch, contributes to the
establishment of a circular airflow pattern within the
operational section of the cabin. During this rotation-
al movement, the air gradually descends to the cabin’s
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lower area, where it redirects towards the cabin’s rear.In
the rear section, a portion of the air ascends within the
cabin, becomes engulfed by the primary airflow gener-
ated by the supply fan, and subsequently re-engages
in the recirculation within the cabin’s operational zone.
The remainder of the air gradually advances to the ex-
haust fan and is expelled from the cabin. The velocity
of the circulating air ranges from 0.2 to 0.6 m/s. During
winter, the nature of air movement is slightly altered,
attributed to the lack of airflow from the air conditioner
and the introduction of airflow from air curtains and an
electric convector (Fig. 5).
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Figure 5. An analysis of the direction and velocity
of air currents within the operator’s cabin of the
EKG-12K excavator under cold climatic conditions
Notes: a — perspective from the front right corner of the cabin;
b - perspective from the anterior left section of the cabin; c -
perspective from the rear left corner of the cabin
Source: compiled by the authors
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The airflow originating from the supply fan inter-
sects with the airflow from the heat curtain located
above the entrance door, subsequently dividing into
two principal branches. One branch progresses along
the cabin’s ceiling into the working area, where it is in-
tercepted by the heat curtain above the front glazing
and directed towards the lower section of the cabin.
The alternative branch, merging with the air from the
heat curtain above the entrance door, advances towards
the floor of the working area within the cabin, where
it further combines with the air from the heat curtain
above the front glazing. This process culminates in air
circulation. Notably, during warmer periods, air circu-
lation is oriented around a vertical axis that traverses
the centre of the cabin’s working area, whereas in cold-
er periods, circulation predominantly orients around
a horizontal axis extending from the left to the right
wall of the working area, corresponding to the excava-
tor driver’s seat level. The frequency of air circulation
within the working area is significantly reduced during
colder periods compared to warmer ones; however, the
air velocity is substantially increased, ranging between
0.5 and 1.8 metres per second.

The current ventilation system facilitates exten-
sive air circulation within the confines of the cabin’s
workspace. Concurrently, a substantial proportion of
the circulating air interacts with the floor surface. Con-
sidering that the velocity of air flows is documented
to be within the range of 0.2-0.6 m/s during summer
and 0.5-1.8 m/s in winter, it is unavoidable that dust
particles are dislodged from the cabin floor and sub-
sequently transported to the respiratory zone of the
excavator operator. Analogous to assessing velocity,
the air temperature within the cabin was examined
for both hot and cold periods. The computed external
temperature for summer was 30°C, whereas for win-
ter it was -15°C. The thermal conductivity values of the
walls, inclusive of the thermal insulation, were con-
sidered to be 0.033 W/(m-°K). Meanwhile, the thermal
conductivity of the cabin windows was assumed to be
1.22 W/(m-°K). The analysis excluded radiation heat
transfer effects during calculations. The temperatures
of both the airflow and the internal surfaces of the
cabin, including the glazing, were systematically eval-
uated. Figure 6 illustrates the temperature of air flows
observed during the hot period.

Figure 7 illustrates that the active air circulation
within the cabin inhibits the distribution of air cooled
by the air conditioning system from reaching the area
occupied by the excavator operator. The primary con-
centration of the cooled air, maintaining a temperature
range of 22-23°C, is situated in the vicinity of the cab-
in’s front window. Air at a colder temperature, ranging
from 19-21°C, extends along the upper portion of the
cabin, approaching the partition that separates the
work and rest areas. The temperature of the air within
the operator’s area remains between 23-25°C.
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Figure 6. The orientation and thermal characteristics of
air currents within the operator’s cabin of the EKG-12K
excavator during elevated ambient temperatures
Notes: a — perspective from the front right corner of the cabin;
b - perspective from the anterior left section of the cabin

Source: compiled by the authors

Figure 7. Ambient temperature inside the operator’s
cabin of the EKG-12K excavator under conditions
of elevated external temperatures
Notes: measurement conducted along the central axis
of the cabin
Source: compiled by the authors

The temperature distribution across the cabin
walls within the working area exhibits variability, rang-
ing from 26°C at the floor level to 20°C at the ceiling
level, as illustrated in Figure 8. Typically, due to its
higher density, the cooler air is situated in the lower

regions of the premises.However,astheaircirculatesand
descends, it undergoes heating by the warm surfaces of
the cabin glazing, as depicted in Figure 9. A differential
of 6°Cin wall temperature, when considering the effect
of active air circulation, may result in moisture conden-
sation in cooler regions, consequently facilitating the
proliferation of mould and fungal organisms.

Figure 8. Thermal conditions
of the interior surface of the walls within the driver’s
cabin of the EKG-12K excavator during periods
of elevated ambient temperature
Source: compiled by the authors

Figure 9. The thermal characteristics
of the internal surface of the glazing within the
driver’s cabin of the EKG-12K excavator during
elevated temperature conditions
Source: compiled by the authors

During cooler periods, the cabin microclimate
proves to be more conducive to the driver’s operation-
al efficiency. Figures 10-11 demonstrate that, under
maximal heat curtain performance, the air temperature
surpasses the minimum acceptable thresholds. Never-
theless, the driver maintains the ability to adjust the
temperature as needed.

The thermal condition of the walls within the
working area surpasses the dew point temperature
for moisture condensation (Fig. 12). Nonetheless,
within the recreational zone located in the lower left
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quadrant, there exist regions where the temperature
falls to 5°C, consequently facilitating potential mois-
ture condensation and the associated risk of mould
and fungal proliferation.

Figure 12. Temperature measurements of the internal
surface of the operator’s cab walls of the EKG-12K
excavator during the colder season
Notes: a - perspective from the front right corner of the cab;
b - perspective from the rear left corner of the cab

Source: compiled by the authors

Figure 10. Orientation and thermal characteristics The temperature of the cabin glass ranges from 7
of airflow within the operator’s compartment of the to 46°C (Fig. 13). The maximum temperatures are ob-
EKG-12K excavator under cold climate conditions served in the area of thermal curtain operation, with

Notes: a - perspective from the front right corner of the the temperature variation within a single glass panel
compartment; b - perspective from the anterior left corner  reaching 22°C. Under conditions of cyclic activation
of the cabin and deactivation of the heating system, these dispar-
Source: compiled by the authors ities can contribute to the potential failure of the glass.

Figure 11. The air temperature within Figure 13. Thermal characterisation
the driver’s cabin of the EKG-12K of the interior surface of the glazing within
excavator during cold conditions the driver’s cabin of the EKG-12K excavator during
Notes: measured along the axis of the cabin periods of low ambient temperature
Source: compiled by the authors Source: compiled by the authors
Journal of Kryvyi Rih National University, Vol. 22, No. 2, 2024 /\
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Thus, the analysis of the microclimate in the cab of
the EKG-12K excavator has revealed several key issues
that affect the operator’s comfort, safety and potential
productivity. The study provides valuable information
on air circulation patterns, temperature distribution,
and potential health hazards in both warm and cold
conditions.

Discussion

The current design of the ventilation system, featuring
supply and exhaust fans located at the rear of the cab,
results in problematic circular air circulation patterns
under both warm and cold conditions. This design flaw
aligns with the findings of F. Lan et al. (2023), demon-
strating that improper placement of air intakes and
exhausts can lead to undesirable air circulation in ve-
hicle cabs. Furthermore, the system generates high air
velocities ranging from 0.5 to 1.8 m/s in cold weather,
which exceeds the recommended velocity range of 0.1
to 0.3 m/s for optimal thermal comfort in vehicle cab-
ins, as suggested by I. Mehmood et al. (2022). This inef-
ficiency prompts consideration of alternative designs.
J.H. Hwang et al. (2013) propose a system where air
exchange is achieved exclusively through exhaust ven-
tilation, which may offer improved air distribution and
comfort. Such redesign strategies could mitigate the
identified circulation issues and align the system with
recommended air velocity guidelines for enhanced ther-
mal comfort. In the study by B. Pirouz et al. (2021), the
focus was on airflow rates with respect to infection pre-
vention, but it did not address how airflows affect cabin
elements or the constraints related to comfortable air
velocity. F. Arpino et al. (2021) expanded on these ideas
by employing the Euler-Lagrange model to explore the
transient non-isothermal dispersion of aerosols in air,
also from the perspective of infection prevention. Their
findings, related to air and heat exchange, are applica-
ble mainly to small cabins like those of passenger cars.
It is noteworthy that such findings may not be direct-
ly applicable to larger or more complex environments,
such as excavator cabs, which have significantly larger
volumes, larger glazing areas, and are composed of two
separate rooms. These differences highlight the need
for further research to understand airflow dynamics
and infection prevention measures specific to larger
and more complex cab environments like excavators.

In environments with high temperatures, the in-
teraction between the air supplied by the fan and the
power of the air conditioning unit is inadequate for
effective cooling in the operator’s area, maintaining
temperatures at around 23-25°C. This results in tem-
perature gradients as large as 6°C on the cab surfac-
es. These observations align with U. Arora et al. (2022),
who identified difficulties in ensuring consistent tem-
peratures within excavator cabs. In contrast, research
by K. Koushik Balaji & M.S. Alphin (2016) suggests that
optimising vent locations through computer modelling

can lead to more even cooling distribution. Further ex-
perimentation by Y. Mao et al. (2018) measured air and
surface temperatures in an electric vehicle’s cabin dur-
ing both heating and cooling phases, establishing high
correlation between simulated and experimental data.
Notably,these analyses are pertinent only to single-vol-
ume cabins. Current research extends this framework by
examining a two-volume cabin characterised by exten-
sive glazing, providing new insights into the complex
dynamics of air distribution and temperature regula-
tion within such environments.

A significant concern during both seasons is the
potential respiratory hazard posed to operators by the
high-speed, circular airflows that pick-up dust particles
from the floor. This issue aligns with the findings of
M. Palega & D.Rydz (2018), who highlighted the crucial
role of adequate filtration in excavator cabs to mini-
mise dust exposure. B. Xu et al. (2018) identified the
primary air pollutants within vehicle interiors, which
include ultrafine particles, aromatic hydrocarbons, car-
bonyls, semi-volatile organic compounds,and microbes.
These pollutants stem from various sources, such as
emissions from interior materials and exhaust gases
entering through the ventilation system. Consequently,
there is a call to enhance filtration and air distribution
systems to tackle these health concerns. Furthermore,
improved air filtration systems are proposed to reduce
health risks, as emphasised by B. Xu et al. (2018). How-
ever, this proposal does not fully consider the potential
for secondary pollution caused by unorganised high-
speed air flows at the floor level. Therefore, addressing
this issue requires a comprehensive approach that in-
cludes optimising air distribution to prevent such sec-
ondary pollution. Significant temperature fluctuations
were observed on the interior surfaces, especially on
the glass, with measurements showing up to a 22°C
difference. These findings align with observations by
J.H. Hwang et al. (2013) and I. Yakymenko et al. (2022),
who also reported notable temperature variations on
vehicle interior surfaces and their implications for
thermal comfort. Such fluctuations can induce thermal
stress and potentially cause failure of interior compo-
nents, particularly as the heating system cycles.

The study identified regions susceptible to con-
densation and mould proliferation due to temperature
gradients, particularly in recreational areas during the
colder seasons. Mold growth is predominantly deter-
mined by humidity, temperature, and the availability
of appropriate substrates (Lai et al., 2024). In confined
environments, such as operator cabins, condensation
may occur when warm, moist air interfaces with cooler
surfaces, thereby facilitating conditions conducive to
mould growth (Bastien & Winther-Gaasvig, 2018). The
propensity of mould development escalates in environ-
ments with elevated relative humidity, generally ex-
ceeding 75% RH at 25°C (Qiao et al., 2024). This aligns
with the issues articulated by M. PeriSic¢ et al. (2024)
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regarding the management of humidity in enclosed op-
erator cabins. To mitigate these risks, it is imperative
to ensure effective ventilation and temperature regu-
lation. The adoption of dehumidification systems and
the maintenance of uniform temperatures throughout
the area can aid in preventing condensation and dimin-
ishing the probability of mould proliferation. Moreover,
systematic inspections and maintenance of potential
problem zones, such as corners, joints, and inadequate-
ly insulated surfaces, are essential for identifying and
rectifying issues prior to their escalation. The utilisation
of mould-resistant materials and coatings in areas at
elevated risk may offer supplementary protection (Dor-
oshenko et al., 2022). By addressing these factors, op-
erators can cultivate a healthier and more comfortable
environment, thereby mitigating the risk of mould-as-
sociated health complications and potential damage to
equipment and structures. Consequently, the study un-
derscores the essential requirement for practical design
enhancements and environmental controls to amelio-
rate these risks in vehicular and cabin environments.

In cold weather conditions, maintaining a favoura-
ble cab microclimate is crucial for driver performance,
as it often requires the temperature to exceed minimum
thresholds for comfort and effectiveness. This finding
presents a contrast to the previous study by J. Bone-
hill (2010), which highlighted issues with sustaining a
comfortable temperature within excavator cabs during
extreme cold conditions. However, the current study
points out that ensuring optimal comfort may neces-
sitate the operator adjusting cab settings. This flexibil-
ity in temperature control within the cab environment
can enhance driver performance and safety by accom-
modating individual comfort needs and maintaining a
suitable working atmosphere.

warm and cold conditions, resulting in inefficient tem-
perature distribution and potential health risks. Air ve-
locities within the cab exceed recommended ranges for
optimal thermal comfort, particularly in cold weather
conditions (0.5-1.8 m/s compared to the recommend-
ed 0.1-0.3 m/s). The interaction between the supply fan
and air conditioner is insufficient for effective cooling
in the operator’s area during hot conditions, resulting in
temperatures of 23-25°C and temperature gradients up
to 6°C on cab surfaces. High-velocity circular airflows
present a potential respiratory hazard by suspending
dust particles from the floor, emphasising the necessity
for improved air distribution and filtration. Significant
temperature fluctuations were observed on interior
surfaces, particularly on the glass (up to 22°C differ-
ence), which may result in thermal stress and potential
component failure. Areas susceptible to condensation
and mould growth were identified, especially in the
recreational area during colder seasons, due to temper-
ature gradients. In cold weather, the cab microclimate
can exceed minimum temperature thresholds, allowing
for operator adjustment to maintain comfort and per-
formance. These conclusions underscore the necessity
for design enhancements in ventilation, air distribution,
and temperature control systems to improve operator
comfort and safety. While this study provides valuable
information on the specific microclimate issues in the
EKG-12K excavator cab, it confirms the findings of other
researchers on the challenges of maintaining an opti-
mal microclimate in heavy equipment cabs. The results
of the study emphasise the need for further research
and development in the design and optimisation of
HVAC systems for these special conditions to ensure
operator comfort, safety, and productivity.
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AHoTaujia. JocnifkeHHs BUpIlLYE KNOYOBI NUTaHHS OyAiBenbHOI Ta ripHMYoL0BYBHOI ranyseil, 30KpemMa 340pOoB™s
i 6e3neky onepaTopis, NPOAYKTUBHICTb, AOBrOBiIYHICTb 0ON1aAHAHHS, i BiANOBIAHICTb HOPMATUBHUM BUMOram. Kpim
TOro, OOCNIMKEHHS 30CepemXeHe Ha YnpaBAiHHI MiKPOK/iMAaTOM, eproHOMiLi i TEXHONOrIAX, i MOXe MOoAinWuTH
6e3neky, KOMMOPT, NPOAYKTUBHICTb i CTiMKICTb ranysi. MeTa — oLiHKa SKOCTi MikpokniMaTy kabiHM ekckaBaTopa
EKI-12K, 3 akueHTOM Ha MNOTOKM MOBiTPS, Temnepatypu, komdopT i 6Ge3neky onepatopa. BukopucroBytoun
ANSYS Fluent, npoBeaeHo MogentoBaHHS MIKpPOKAiMaTy B TeMAMX | XONOAHMX YMOBAX 3riAHO 3 MiKHapoOAHWMMU
CTaHfapTaMu. Pe3ynbTaT BKasylOTb HA HEOONIKM BEHTUAALUIT | KOHAMLIOHYBAHHS. Y TENIMIM Nepios pO3MillleHHs
BEHTUNIATOPIB He 3abe3nevye HaNexHOi LMPKYNALLi 0XON04XKEeHOro NOBITPS B 30Hi onepaTtopa. Y XoNoAHMUX YMOBaxX
B33EMOJiS BEHTUNSATOPIB 3 TEMNJOBMMM 3aBiCaMMU CTBOPIOE LIMPKYNSLIIO NOBITPS HABKOJIO OCi HA PiBHI CUAIHHA BOLIS.
TeMnepaTypHuiA aHani3 nNokasas, Wo B TeNi nepioan TeMnepaTypa CTaHOBUTb 23-25 °C, xou Le i BUMarae 3HauHmx
3yCWb CUCTEMU KOHAMLIIOHYBAHHSA. Y XONOLHI nepioan iCHYHOTb 30HM 3 TeMnepaTypoto A0 5 °C, W0 BUKANKAE PU3MKM
KOHAeHcauii i nnicHaBu. KpiM TOro, € 3aHENOKOEHHS LWOAO LMPKYNALiT NUAY i pU3MKY PYMHYBaHHSA CKna 4yepes
TemnepaTypHi KoNMBaHHA. BUCHOBKM migkpecntoloTb HeOBXiAHICTb ONTUMI3aLii MikpokimMaTy B KabiHi ansa 3axucty
KoMdopTy onepatopa, 6e3nekn i ePpeKTUBHOCTI eKckaBaTopa. [pakTMYHA 3HAUYMMICTb POBOTU MONAra€E y HafAHHI
pilweHb Ang noninwexHs 6esnekun, KOMMOPTY, NPOLYKTUBHOCTI | TEPMiHY Cy>KOM 06M1afHaHHS

KalouoBi caoBa: guHaMika NOBITPSIHOrO NOTOKY B CasiOHi; ONTUMIi3aLlis TENJI0BOro KOMMOPTY; 3BaXKEHICTb YaCTMHOK

nuny; MOAENBAHHSA 00YMCNIOBANbHOT TiAPOAMHAMIKM; edeKTUBHICTb CUCTEMM BEHTUAALIT; aHani3 rpagieHTa
TeMnepaTypu; OLiHKA PU3MKY YTBOPEHHS KOHAEHCATY
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