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Summary. The article analyzes the current state of microclimate problems in vehicle cabins, studied in
the world and in Ukraine. An analysis of the scientific research of some scientists working in this field is carried
out, as well as the state of regulatory documentation, both abroad and in Ukraine. With the help of mathematical
dependencies, a description of the theory of air mass transfer is provided. Calculations of air flows in the front
part of the bus cabin, in particular in the driver's working area, were carried out using the ANSYS-Fluent software
environment.
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Statement of the problem. The trend towards urbanization, accompanied by the growth
of the population in cities, requires an increase in the number of urban transports. Passengers
who use public transport (buses, trolleybuses, trams, metro or city railway) must ensure
comfortable transportation. The components of transportation comfort include such concepts
as: passenger capacity, smoothness, environmental safety and thermal comfort in the cabin and
at the driver's workplace. Thermal comfort is essential, because the vehicle's driver is
responsible for traffic safety. Incorrect microclimate indicators can negatively affect the well-
being of the driver. Namely, they can increase his irritation or reduce his reaction during an
extreme situation. As a result, there is an increased risk of road accidents [1].

A favorable microclimate also carries an economic aspect. Passengers will prefer those
vehicles where the microclimate in the cabin is more favorable, so transport companies that
have vehicles with a comfortable microclimate will have an economic advantage over others.

There is no worldwide regulatory documentation on the microclimate of salons [2]
because the climate in different countries is different (for example, the climate in Norway is
significantly different from the climate in Israel or Europe). There are some countries with
several climate zones (for example, Argentina, USA, China, etc.). Therefore, it should be
considered when researching or developing one or another kind of vehicle. Regulatory
documentation on the microclimate currently does not exist in Ukraine [2], so manufacturers
are forced to use the basis of the requirements from other countries with a similar climate.
Governments usually form their own methodologies for determining microclimate parameters
and also tell us which specific parameters need to be determined:

- air temperature;

- air velocity;

- air humidity;

- the noise level coming from the devices of the microclimate system;
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- the level of harmful substances in the air, etc.

Microclimate parameters in the vehicle’s interior according to GOST R 50993-96 are
shown in Table 1 [3, 4].

Table 1

Standardization of the microclimate in the vehicle interior according to GOST R 50993-96

Air Relative air velocit
Season of the year | Vehicle type temperature, humidity, / Y.
°C % m/s
Cold and Passenger cars 20-23 6040 0,2
transitory
periods of the T“ﬁ; :‘”d 18-20 60-40 0,2
year

Warm period of Pa_?itje;gse; r(i(aj\rs 20-25 6040 0,2
the year bUSes 21-23 60-40 0,3

Investigating the temperature balance in city bus cabins is not an easy task.
Such vehicles make frequent stops during their route, often open their doors and drive
at relatively low speeds. Therefore, we have a temperature imbalance in certain areas of
the bus cabin due to the environment's influx of cold or hot air. It is difficult to determine
the amount of heat at different interior point, both practically and theoretically, when the
bus interior is filled with passengers. The reason is that when passengers are placed
unevenly, the air heating in different parts of the cabin is uneven, so there are so-called
discomfort zones where passengers can feel overheated. It should also be taken into account
that the temperature in the cabin is controlled by the driver personally on most domestic
buses. After all, the presence of automation that would regulate the temperature at different
points is not cheap and requires additional maintenance, so every manufacturer can not
afford it.

Analysis of the available investigations. Experimental studies [5-7] were carried out
on a regular city bus route in Zhytomyr (Ukraine) using air-conditioned buses. The value of
internal and external temperature, relative humidity was measured. The results were compared
with the calculated values and comfort requirements for the summer season according to
ASHRAE. Experiments have confirmed that at an external air temperature of +24°C in the bus
cabin, under appropriate conditions of transportation, the desired regulatory microclimate is not
provided and the cabin ventilation system needs air conditioning.

The temperature and ventilation mode study of a large city bus cabin is shown in [8].
A solid-state bus model has been developed. Simplified calculation area was derived on
the basis of the preliminary analysis, in which the incomplete flow of air around the
bus is realized. The Navier-Stokes equations are averaged over Reynolds to calculate
turbulent spatial flows. The calculations were made at three different speeds and at
several configurations of the ventilation channels: the windows are closed; only the
ventilation hatches on the roof are open. An assessment of the microclimatic conditions in
the bus cabin was carried out for compliance with the requirements of regulatory
documents.

Intercity buses can be parked in the sun for a long time before the trip. The internal
temperature of the bus can reach 60°C in such a case. An experimental study was conducted to
determine the correctness of installing the air conditioning system on a bus prototype in work
[9]. Indoor and outdoor temperatures, evaporator inlet and outlet temperatures, and relative
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humidity values were measured. Thermal comfort values were calculated according to
ASHRAE standards. Thermodynamic analysis of the bus air conditioning system was carried
out in studies [10-16]. The valuable and reversible work of the compressor, the coefficient of
performance and the energy efficiency of the cabin air conditioning system were obtained and
evaluated in detail.

The study [17] aims to demonstrate the possibility of THESEUS-FE (software) for
calculations and modeling of the microclimate system operation. At the first step, the results of
calculations using the THESEUS-FE finite element method were confirmed, comparing them
with those obtained using the internal research results at MAN. In the second step, the
advantage of using THESEUS-FE was demonstrated by creating an advanced simulation model
that would also simulate passengers' thermal comfort.

The bus interior heating system is one of the most energy-intensive, in terms of
electricity consumption. As a rule, large city buses are equipped with at least four interior
heaters, which are attached under the passenger seats to their frames. This leads to problems
with the bus's electricity balance, especially in winter operating conditions, when starting the
engine is difficult and the electricity consumption of the passenger compartment lighting
system increases. In addition to energy consumption, a significant problem in passenger
transport is internal noise, one of the sources of which is the operation of heater fans. In order
to determine the noise characteristics of the heaters, comparative tests [18] were conducted on
a large city bus. Noise levels were measured in the octave range of frequency bands f on the A
scale of the noise meter in dBA.

The microclimate study of an electric bus (taking into account its features) using
computer analysis is shown in [19]. The method is based on the CFD analysis of the interior of
an electric bus in a steady state without taking passengers into account. Against the background
of limited energy resources in traction batteries, the use and interconnection of highly efficient
individual components and intelligent heat management are the main conditions for achieving
acceptable operating ranges [20].

Air conditioning and heating of the passenger cabin in an electric bus leads to a
significant increase in energy consumption. It’s due to the limited capacity of the battery, the
daily operating range of electric buses depends significantly on the surrounding climate.
Therefore, the choice of heating and air conditioning has a significant impact on the operating
costs of an electric bus. The purpose of this study [21] is to conduct a cost analysis for different
heating systems of the interior of an electric bus. Research [22] is carried out at the VTT
technical research center in Finland. A team of researchers has developed methods for studying
HVAC system consumption in cold season conditions (for cities in Finland) on electric city
buses with batteries.

There is a trend of urban rail transport development (city electric trains and rail buses)
in large European cities for today: S-Bahn (Germany, Switzerland, Austria), RER (Paris), FR
(Italy), HEV (Budapest), etc. Therefore, it is important to provide comfortable conditions for
passengers in this type of city transport. Studies [23-24] show what designs of HVAC systems
exist today and investigate how air conditioning and heating inside a salon can be improved.

The Objective of the work were:

1) to investigate how air circulation created by heating devices in the bus driver's cabin
affects the microclimate of the bus cabin;

2) analyze the method of heat calculation at the bus driver's workplace;

3) model the circulation of air masses in the ANSY S-Fluent software environment;

4) draw conclusions according to the research results.

Statement of the task. The main task of this work is to investigate air circulation at the
bus driver's workplace using the ANSY S-Fluent software unit and draw conclusions based on
the obtained results.
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Analysis of the mass transfer theory. The basic equation in the dynamics of liquids
and gases is the Reynolds averaged Navier—Stokes equation. The velocity in this case is divided
into two components [25-28]:

u; =U; +u; 1)

where Ui — the main component of velocity;
ui — the velocity component due to vibrations.

The instantaneous Reynolds averaging of the Navier—Stokes equation can be written as
follows:
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where p — flux density;

u — dynamic viscosity of the substance;

u — flow velocity;

P — pressure in a liquid or gas;

T — liquid or gas temperature;

t — flow time;

Xi — position tensor in coordinates X, Y, z;
Cp — specific heat capacity of a substance;
k — thermal conductivity;

Ui uj — Reynolds stress tensor.

The temperature difference in the flow area will cause a change in density and, as a
consequence, flow forces must be taken into account. Streams caused by fluidity move due to
changes in density in the fluid region. Density variations are negligible based on the Boussinesq
approximation. Basically, it is assumed that the flow is incompressible, that is, the density is
constant in all terms except for the body's gravity. This assumption is a fundamental
approximation of Boussinesq.

Then the gravity term is written in the form of equation (5), as a function of the gravity
acceleration, the temperature difference and a property of the material called the coefficient of
thermal expansion, B3:

F=(p—p0)d=—poB(T-Ty)g 5)
Substituting equation (4) into the momentum equation, we get:

%:—%Vp—gﬂ(T—To)Jerzu (6)

It should be noted that the laminar form is used for clarity in the equations (6).
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Modeling air flows in ANSYS-Fluent. ANSYS is a powerful commercial PC with a
graphical interface and covers a wide range of hydrodynamics and thermodynamics problems.,
An engineer needs to have experience using the finite element method to carry out calculations.
The package runs on Windows OS.

The following problems can be simulated in the ANSYS PC in the field of
hydrodynamics and thermodynamics:

1) compressible and incompressible flows;

2) flows with a moving boundary;

3) flows with a free boundary;

4) interaction with solid bodies, submerged bodies;

5) porous media;

6) turbulence;

7) cavitation;

8) acoustics;

9) heat exchange;

10) turbines, rotating machines;

11) multiphase flows, boiling;

12) currents that chemically react with each other and combustion.

We need to set the following initial calculation conditions for simulation in the ANSYS-
Fluent software environment, which are listed in Table 2.

Table 2

Boundary conditions for modeling in ANSY S-Fluent

Parameter Unit Meaning
1 Air blowing velocity m/s 0.5
2 Air temperature K 300
Convection for static air W/(m? K) 25

Our calculation will be based on modeling the movement of thermal masses
in the frontal part of the bus cabin based on a simplified spatial solid model (Fig. 1)
of the interior space. FEA mesh is generated by the Ansys-Fluent environment
with its further visualization of the air masses movement of air masses in the bus
cabin (Fig. 2-4).

v
.
x
500 % ()

Figure 1. Frontal part of bus salon 3d-model Figure 2. Distribution of air velocity
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Figure 3. Temperature distribution Figure 4. Distribution of air masses

Fig. 2 shows that the air flow comes out of the diffusers located next to
the windshield of the bus with an air velocity of 0.5 m/s and a temperature of 27°C.
The air flow is directed upwards at an angle of approximately 45-50°. As can be seen
from fig. 2, the driver's head area will be heated the most, which it should be. Air flows
are directed into the bus cabin, keeping to the upper part of the cabin with an air velocity
0.25-0.3 m/s. We see the intensive air circulation with a temperature of 18-20°C at
the level of the standing passenger's head in the front part of the bus cabin. The air
flow swirls intensively in the area of the partition of the driver's cabin from the interior.
The air velocity in this area decreases and will be approximately 0.15-0.2 m/s. That is,
it turns out that in the zone of the driver's waist and legs, the air speed will vary between
0.1-0.15 m/s.

Analyzing the temperature maps (Fig. 3 and Fig. 4), it can be seen that the hottest air in
the driver's cabin is at the level of the head, approximately +21—-22°C, and then gradually blows
upwards with a drop in temperature to +18—21°C. In the belt zone, the temperature ranges from
+18-21°C. The coldest area at the driver's workplace — the leg area. The temperature is in the
range of 13-15°C there.

Obtained results of temperature and velocity are demonstrated in Table 3.

Table 3

Calculation results of the driver's workplace microclimate

Parameter Velocity, m/s Temperature °C
1 Head area 0,25-0,3 +21-22
2 Lumbar zone 0,1-0,15 +18-21
3 Leg area 0,1-0,15 +13-15

Conclusions. The calculation of microclimatic indicators at the driver's workplace
showed that the temperature indicators during the operation of the heating system at the level
of the driver's head and waist correspond to the norm. Air circulation in the driver's cabin occurs
in such a way that part of the air enters the front part of the passenger compartment of the bus.
This calculation method can be used for further scientific research in order to improve the bus
heating system.

References
1. Y. Voichyshyn, O. Horbay, E. Yakovenko. Stugy of the heating system of a city bus. Int. sym. of education
and values. Vol. 4. No. 24. 2020. P. 70.

ISSN 2522-4433. Bicuux THTY, Ne 1 (109), 2023 https://doi.org/10.33108/visnyk_tNtu2023.01 ..........vvevvveveereeeerreererrerneneee 95



Methodology of analytical research of the microclimate of the bus driver's cab using the ANSY S-Fluent software
environment

2. L. Kraynuk, Yu. Gay, “Mikroklimat salonu avtobusa. Formuvannya normatyvnoyi bazy.”, in Proc. 3th
Ukrainian Conf. Avtobusobuduvannya ta pasazhyrski perevezennya v Ukraini. Lviv, Ukraine, February
22-23. 2018. P. 14-15. [In Ukrainian].

3. GOST R 50993-96. Avtransportnyye sryedstva. Sistemy otopleniya, ventilyatsii i konditsionirovaniya.
Trebovaniya k effektivnosti i bezopasnosti. Moskva: IPK izdatyelstvo standartov, 1997. 11 p. [In Russian].

4., DSTU B EN ISO 7730: 2011. Erhonomika teplovoho seredovyshcha. Analitychne vyznachennya ta
interpretatsiya teplovoho komfortu na osnovi rozrahunkiv pokaznykiv PMV | PPD i kryteriyiv lokalnoho
teplovoho komfortu. Kyiv, Minrehion Ukrayiny, 2012. 74 p. [In Ukrainian]

5. Kravchenko O. P., Chuyko S. P. Doslidzennya teplovoho balansu salonu avtobusa u teplyy period roku.
Visnyk shidnoukrayinskoho natsionalnoho universytetu im. V. Dalya. No. 3 (251). 2019. P. 101-106. [In
Ukrainian].

6. Chuyko S. P., Kravchenko A. P. Kriterii teplovoy nahruzki kabiny voditelya avtobusa MAZ-206 v letniy
period ekspluatatsii. East European Scientific Journal. No. 10 (62). 2020. P. 62—67.

7. Kravchenko O., Hrabar I., Gerlici J., Chuiko S., Kravchenko K. Forming Comfortable Microclimate in the
Bus Compartment via Determining the Heat Loss. Communications — Scientific letters of the University of
Zilina. No. 23 (2). 2021. P. 150-157. https://doi.org/10.26552/com.C.2021.2.B150-B157

8. Kruts T. I, Zinko R. V., Muzychka D. H., Cherevko Y. M. Doslidzhennya shvydkisnyh i temperaturnyh
pokaznyKkiv v protsesi ventylyatsiyi salonu avtobusa. Prohresyvna tehnika, tehnolohiya ta inzhenerna osvita
(PRTK-2019). Kyiv-Kherson, 2019. P. 174-179. [In Ukrainian].

9. S. Unal. An Experimental Study on a Bus Air Conditioner to Determine its Conformity to Design and Comfort
Conditions. Yildiz Technical University Press, 2017. P. 1089-1101. https://doi.org/10.18186/thermal.277288

10. M. Bilgili, E. Cardak, A. E. Aktas. Thermodynamic Analysis of Bus Air Conditioner Working with Refrigerant
R600a. European Mechanical Science. Vol. 1. No. 2. 2017. P. 69-75. https://doi.org/10.26701/ems.321874

11. M. Hegar, M. Kolda, M. Kopecka, V. Rajtmajer, A. Ryska. Bus HVAC energy consumption test method
based on HVAC unit behavior. International Journal of Refrigeration. No. 36. 2013. P. 1254-1262.
https://doi.org/10.1016/j.ijrefrig.2012.10.023

12.C. Kutlu, S. Unal, M.T. Erding. Thermodynamic analysis of bi-avaporater ejector refrigeration cycle
using R744 as natural refrigerant. Journal of Thermal Engineering. Vol. 2. No. 2. 2016. P. 735-740.
https://doi.org/10.18186/jte.78114

13.B. T. Jaime, F. Bjurling, J. M. Corberan, F. D. Sciullo, J. Paya. Transient thermal model of a vehicle's cabin
validated under variable ambient conditions. Applied Thermal Engineering. No. 75. 2015. P. 45-53.
https://doi.org/10.1016/j.applthermaleng.2014.05.074

14. 0. Solmaz, M. Ozgoren, M.H. Aksoy. Hourly cooling load prediction of a vehicle in the southern region of
Turkey by Artificial Neural Network. Energy Conversion and Management. No. 82. 2014. P. 177-187.
https://doi.org/10.1016/j.enconman.2014.03.017

15. M. K. Mansour, M. N. Musa, M. N.W. Hassan, K. M. Sagr. Development of novel strategy for multiple
circuit, roof top bus air conditioning system in hot humid countries. Energy Conversion and Management.
No. 49. 2008. P. 1455-1468. https://doi.org/10.1016/j.enconman.2007.12.032

16. O. Biiyiikalaca, T. Yilmaz, S. Unal, E. Cihan, E. Hiirdogan. Calculation of cooling load of a bus using
radiant time series (RTS) method. 6th Int. Adv. Tech. Sym. (IATS’11), 2011. P. 227-230. [In Turkish].

17.Dr. S. Paulke, F. Artmeier, Dr. K.-E. Yildirim, Dr. V. Bader, Prof. Dr. A. Gubner. P+Z Engineering GmbH.
Volkswagen Research, MAN, 13 p.

18.S. Nyemyy, M. Hynda. Vplyv konstruktyvnyh osoblyvostey teplorozpodilchyh prystroyiv na efektyvnist
systemy opalennya avtobusiv. Lviv, 2019. P. 84-85. [In Ukrainian].

19.E. E. Johansson, M. Skarby. Interior climate simulation of electric buses. Department of Mechanics and
Maritime Sciences Chalmers university of technology. 2019. 60 p.

20.Dr.-Ing. R. Basile. Challenges for air conditioning and heating solutions in electrobuses, SPHEROS, 7 p.

21.D. Gohlich, T.-A. Ly, A. Kunith, D. Jefferies. Economic assessment of different air-conditioning and
heating systems for electric city buses based on comprehensive energetic simulations. World Electric
Vehicle Journal. No. 7. 2015. 9 p. https://doi.org/10.3390/wevj7030398

22.T. Liu. Thermal Management Solutions for Battery Electric Buses in Cold Climates. Aalto University
School of Engineering Department of Mechanical Engineering. 2019. 107 p.

23. E. Trygstad. R744 HVAC unit for NSB Flirt trains. Norwegian University of Technology and Science.
2017.188 p.

24.D. G. Melesse. Thermal Comfort for Passenger Train from Addis Ababa to Dire Dawa. Addis Ababa
Institute of Technology School of Mechanical and lindustrial Enginerring. 2014. 110 p.

25.S. V. Yushko. Statsionarna teploprovidnist. Kharkiv, NTU “HPI”. 2011. 80 p.

26.Rusanov A., Rusanov R., Lampart P., Designing and updating the flow part of axial and
radial-axial turbines through mathematical modeling. Open Engineering. Vol. 5. 2015. P. 399-410.
https://doi.org/10.1515/eng-2015-0047

96 .......... ISSN 2522-4433. Scientific Journal of the TNTU, No 1 (109), 2023 https://doi.org/10.33108/visnyk_tntu2023.01


https://doi.org/10.33108/visnyk_tntu2023.0
https://doi.org/10.26552/com.C.2021.2.B150-B157
https://doi.org/10.18186/thermal.277288
https://doi.org/10.26701/ems.321874
https://doi.org/10.1016/j.ijrefrig.2012.10.023
https://doi.org/10.18186/jte.78114
https://doi.org/10.1016/j.applthermaleng.2014.05.074
https://doi.org/10.1016/j.enconman.2014.03.017
https://doi.org/10.1016/j.enconman.2007.12.032
https://doi.org/10.3390/wevj7030398
https://doi.org/10.1515/eng-2015-0047

Yurii Voichyshyn, Kostyantyn Holenko, Orest Horbay, Volodymyr Honchar

27.Starodubtsev Y. V., Gogolev I. G., Solodov V. G. Numerical 3D model of viscous turbulent flow in one
stage gas turbine and its experimental validation. Journal of Thermal Science. Vol. 14. 2005. P. 136-141.
https://doi.org/10.1007/s11630-005-0024-0

28.Myroslav O. S., Bryzha M. R., Boyko V. B., Zolotovska O. V. Teplotehnika: osnovy termodynamiky,
teoriya teploobminu, vykorystannya tepla v silskomu hospodarstvi. Dnipropetrovsk: TOV “ENEM”, 2011,
424 p. [In Ukrainian].

Crnncok BHKOPUCTAHUX JIZKepeJT

1. Voichyshyn Y., Horbay O., Yakovenko E. Stugy of the heating system of a city bus. Int. sym. of education
and values. Vol. 4. No. 24. 2020. P. 70.

2. Kpaitnuk JI., Tait 0. Mikpoknimar canoHy aBroOyca. @DopmyBaHHS HOpMaTHBHOI 0as.
ABTOOYCOOYIyBaHHS Ta aCaXMPCHKi IepeBe3eH s B Ykpaini. JI.: BugaBHunteo JIbBIBCHKOT MOJITEXHIKH,
2018. C. 14-15.

3. TOCT P 50993-96. ABroTpancnopTHbie cpecTBa. CHCTEMBI OTOIUICHHUS, BEHTWIIMY U KOHIUIIMOHHUPOBAHUSL.
TpeboBanus k 3¢ pexruBHOCTH 1 Oe3omacHocTr. M.: UTTK m3matenscTBo crangapToB, 1997. 11 c.

4, ICTY b EN ISO 7730: 2011. EproHomika TeIJIOBOTO cepelOBHINA. AHANITHYHE BH3HAYCHHI Ta
IHTEepIpeTamis TEIUIOBOTO KOM(OPTY Ha OCHOBI po3paxyHKiB mokasaumkiB PMV | PPD i xpurepiis
JIOKaJbHOTO TeroBoro komdopry. K.: Minperion Ykpainu, 2011. 74 c.

5. Kpasuerko O. I1., Uyiiko C. I1. JfocmimKeHHs TEIUIOBOTO OallaHCy CAIOHY aBTOOYca y TeIUTHH MEPio POKY.
BicHHK CXiJJHOYKPaiHCHKOTO HaliOHANLHOTO yHiBepcuTety iM. B. Jlams. 2019. Ne 3 (251). C. 101-106.

6. Uyiiko C. I1., KpaBuenko A. I1. Kputepuu TemnsoBoii Harpy3ku kaOuHbI Bogurens aBrodyca MA3-206 B
netHuii epuo akcrutyatanuu. Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific
Journal). 2020. Ne 10 (62). C. 62—-67.

7. Kravchenko O., Hrabar I., Gerlici J., Chuiko S., Kravchenko K. Forming Comfortable Microclimate in the
Bus Compartment via Determining the Heat Loss. Communications - Scientific letters of the University of
Zilina. No. 23 (2). 2021. P. 150-157. https://doi.org/10.26552/com.C.2021.2.B150-B157

8. Kpyus T. L., 3impko P. B., My3uuka J. I'., Ueperko FO. M. [locikeHHS MBUIKICHUX 1 TEMIIEPATyYPHAX
MOKAa3HUKIB B TPOIeCi BEHTHIIAIII caloHy aBToOyca. [IporpecnBHa TexXHika, TEXHOJIOTIS Ta iHKCHEpHA
ocsira (IIPTK-2019). 2019. C. 174-179.

9. S. Unal. An Experimental Study on a Bus Air Conditioner to Determine its Conformity to Design and Comfort
Conditions. Yildiz Technical University Press. 2017. P. 1089-1101. https://doi.org/10.18186/thermal.277288

10. M. Bilgili, E. Cardak, A. E. Aktas. Thermodynamic Analysis of Bus Air Conditioner Working with Refrigerant
R600a. European Mechanical Science. Vol. 1. No. 2. 2017. P. 69-75. https://doi.org/10.26701/ems.321874

11. M. Hegar M., M. Kolda, M. Kopecka, V. Rajtmajer, A. Ryska. Bus HVAC energy consumption test method
based on HVAC unit behavior. International Journal of Refrigeration. No. 36. 2013. P. 1254-1262.
https://doi.org/10.1016/j.ijrefrig.2012.10.023

12.C. Kutlu, S. Unal, M.T. Erdin¢. Thermodynamic analysis of bi-avaporater ejector refrigeration cycle
using R744 as natural refrigerant. Journal of Thermal Engineering. Vol. 2. No. 2. 2016. P. 735-740.
https://doi.org/10.18186/jte.78114

13.B. T. Jaime, F. Bjurling, J. M. Corberan, F. D. Sciullo, J. Paya. Transient thermal model of a vehicle's cabin
validated under variable ambient conditions. Applied Thermal Engineering. No. 75. 2015. P. 45-53.
https://doi.org/10.1016/j.applthermaleng.2014.05.074

14. 0. Solmaz, M. Ozgoren, M.H. Aksoy. Hourly cooling load prediction of a vehicle in the southern region of
Turkey by Artificial Neural Network. Energy Conversion and Management. No. 82. 2014. P. 177-187.
https://doi.org/10.1016/j.enconman.2014.03.017

15. M. K. Mansour, M. N. Musa, M. N. W. Hassan, K. M. Saqr. Development of novel strategy for multiple
circuit, roof top bus air conditioning system in hot humid countries. Energy Conversion and Management.
No. 49. 2008. P. 1455-1468. https://doi.org/10.1016/j.enconman.2007.12.032

16. O. Biiyiikalaca, T. Yilmaz, S. Unal, E. Cihan, E. Hiirdogan. Calculation of cooling load of a bus using
radiant time series (RTS) method. 6th Int. Adv. Tech. Sym. (IATS’11). 2011. P. 227-230. [In Turkish].

17.Dr. S. Paulke, F. Artmeier, Dr. K.-E. Yildirim, Dr. V. Bader, Prof. Dr. A. Gubner. P+Z Engineering GmbH.
Volkswagen Research, MAN, 13 p.

18.Hemmii C., I'maga M. BrumB KOHCTPYKTHMBHHX OCOOJIMBOCTEH TEIUIOPO3NOAIIBYMX HPUCTPOIB Ha
e(eKTUBHICTh CUCTEMH ONaJieHHs aBTOOYycCiB: 14- MiXKHapOAHMH CHMIO3iyM YKpaiHCHKHMX IH)KEHEpiB-
mexaHikiB y JIbBoBi. 2019. C. 84-85.

19.E. E. Johansson, M. Skarby. Interior climate simulation of electric buses. Department of Mechanics and
Maritime Sciences Chalmers university of technology. 2019, 60 p.

20.Dr.-Ing. R. Basile. Challenges for air conditioning and heating solutions in electrobuses, SPHEROS, 7 p.

ISSN 2522-4433. Bicuux THTY, Ne 1 (109), 2023 https://doi.org/10.33108/visnyk_tNtu2023.01 ..........vvevvveveereeeerreererrerneneee 97


https://doi.org/10.1007/s11630-005-0024-0
https://doi.org/10.26552/com.C.2021.2.B150-B157
https://doi.org/10.18186/thermal.277288
https://doi.org/10.26701/ems.321874
https://doi.org/10.1016/j.ijrefrig.2012.10.023
https://doi.org/10.18186/jte.78114
https://doi.org/10.1016/j.applthermaleng.2014.05.074
https://doi.org/10.1016/j.enconman.2014.03.017
https://doi.org/10.1016/j.enconman.2007.12.032

Methodology of analytical research of the microclimate of the bus driver's cab using the ANSY S-Fluent software
environment

21.D. Gohlich, T.-A. Ly, A. Kunith, D. Jefferies. Economic assessment of different air-conditioning and
heating systems for electric city buses based on comprehensive energetic simulations. World Electric
Vehicle Journal. No. 7. 2015. 9 p. https://doi.org/10.3390/wevj7030398

22.T. Liu. Thermal Management Solutions for Battery Electric Buses in Cold Climates. Aalto University
School of Engineering Department of Mechanical Engineering, 2019, 107 p.

23. E. Trygstad. R744 HVAC unit for NSB Flirt trains. Norwegian University of Technology and Science,
2017.188 p.

24.D. G. Melesse. Thermal Comfort for Passenger Train from Addis Ababa to Dire Dawa. Addis Ababa
Institute of Technology School of Mechanical and lindustrial Enginerring, 2014. 110 p.

25. 0mko C. B., bopi O. €., IOmko M. A. Cranionapsa remtonposiaHicts. X.: HTY «XI1I». 2011. 80 c.

26.Rusanov A., Rusanov R., Lampart P., Designing and updating the flow part of axial and radial -axial
turbines through mathematical modeling. Open Engineering. Vol. 5. 2015. P.399-410.
https://doi.org/10.1515/eng-2015-0047

27.Starodubtsev Y. V., Gogolev I. G., Solodov V. G. Numerical 3D model of viscous turbulent flow in one
stage gas turbine and its experimental validation. Journal of Thermal Science. Vol. 14. 2005. P. 136-141.
https://doi.org/10.1007/s11630-005-0024-0

28. Mupocmnas O. C., bpmka M. P., Boiiko B. b., 3omoToBckka O. B.. TemmorexHika: OCHOBH TePMOANHAMIKH,
TEOopiss TEIUIOOOMiHY, BHUKOPHCTAaHHS TeIUIla B CLITbCbKOMY Tocmoaapctsi. [[HimpomerpoBcrk: TOB
«EHEM», 2011. 424 c.

VIIK 629.113

METOAUKA TEOPETUYHOI'O JOCJIIZKEHHA MIKPOKJVIIMATY
KABIHHU BOAIA ABTOBYCA 3A JOITIOMOI'OIO TIPOI'PAMHOI'O
CEPEJOBHUIIA ANSYS-FLUENT

FOpiii Boituummn®; Kocrssarun Iojienko?; Opecrt Fopﬁaﬁz;
Bosogumup I'onuap?

Hayionanvnuii ynieepcumem «JIvgiecoka nonimexnixay, Jlvsie, Yxpaina
2 XMmenbHuYbKull HayioHanbHutl YHigepcumem, XmenvoHuybKuil, Ykpaina

Pezrome. [Ipoananizosano memoouxy OYIHIOBAHHS 300e3NedeHHs HOPMAMUGBHO HeOOXIOHUX NOKA3HUKIG
MIKpOKTiMamy 6 Kabini asmobyca ma pusuku, 00 AKUx modice npuzsecmu ix Hedompumarts. Ceped OCHOBHUX PUSUKIG
3A3HAYAEMbCA GNIUB HA CAMOROYYMMS 800is agmodyca, 8 38 A3KY 3 uum nioguugyemocs pieens nosieu [Tl Oyineno
npobnemu 3abe3nedentss KOM@popmy 6 CAIOHI 3 eKOHOMIUHOI MOUKU 30pY —KOMOOPMHIWULL MPAHCROPMHULL 34CIO
3M0dice 3abe3neuumy suUll NPUOYMOK npomsazom excnayamayii. Ilposedeno ananiz Haykogux poodim ueHux, ujo
npayioomy y 0auii 2any3i ax 8 Ykpaini, max i 3a KOpoOoHOM. 32i0H0 3 TIMepamypHum 021800M OAYUMO, U0 MeMamuKa
mixpoxaimamy K13 axmusno possusacmuca y ceimi. Ilokazarno cman HopmamueHoi 0oKymenmayii ax 6 Yipaini, max
i 30 KOpOOHOM, A MAKONHC HABEOCHO NPUKIAOU 3ACMOCYB8AHHS HOPMAMUBHUX 3HAYEHb NAPAMEMpPI8 MIKDOKIIMANY.
Jlooamkogo HagedeHO OCHOGHI npobremu, sKI HApAsi ICHYIOMb NO HOpMamueHitl 06as3i 6 Ykpaini ma ceimi. 3a
O00NOMO20H MAMEMAMUYHUX 3ANeHCHOCEN ONUCAHO Meopiro nepeHecetHs nosimpsaHux mac. Haseoeno mooicnueocmi
npozpamro2o cepedosuwa ANSYS, a maxoosic po3ensiHymo, SIKi noCmasieri 3a0ayi Modice UPIULY8amu 0aHe npocpamue
3abesneuenns. [lpogedeHo po3paxyrku NoGIMpsiHUX NOMOKIG Y NepeOHill YaCMUHI CANOHY agmobycad, 30Kpema y poobouit
30HI 600is. Pospaxyuku npogedero 3a donomozor npozpamtoo cepedosuusa ANSYS-Fluent, axe dae moocrugicme
MOOentoeamu npoyecu nepeHeceHHs NOGIMPAHUX MAC Ma 8U3HAYAMU MeMNEPAmypPHI Kapmu caiony asmoodyca. 32i0Ho
3 Pe3yIbMAmaml PO3paxyHKie CMAHOBNIEHO 3HAYEHHS WUOKOCTI NOBIMPsL Ma MeMnepamypu 8 30Hax pobo4020 Micys
60018 ma 6 iHwux noxayisx. MiKpokmiimMamuuni NOKA3HUKU GUSHAYATU 8 30HI 20106U 800is, 30Hi noscy ma Hie. 3
OMPUMAHUX PE3YTbMAMIe GUNIUBAE, WO 000V8 10008020 CKIA 3abe3nedye OOCMAmHIo PIBHOMIPHICIb PO3NOOiLy
NOGIMPAHUX MAC NO CATOHY asmobdyca i modice Oymu epexmuero KoMOIHO8AHUL 3 THUMU OUPY30pamu cucmemu
BEHMUNIAYIL, WO HEOOMIHHO Modice cyeysamu 0a3010 05l HACMYRHUX OOCTIONCEHb, CHPAMOBAHUX HA NIOBUWEHHS
NOKA3HUKI@ MIKDOKIIMAMY agmobycis.

Kniouoei cnosa: cucmema onanennst, Mikpokiimam, poboye micye 600ist, NOGIMPSIHI NOMOKU, YUPKYIAYIs
nogimpsi, FEA, memnepamypa nosimps, weuoxicme nosimps, memnepamypuuti cman, ANSYS-Fluent.
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