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The article describes the possibility of studying aerodynamic parameters of a freight train using computer simulation.
This method of research can reduce the costs of designing new structures of road trains and determine the optimal design
features of the car's modification with insignificant costs. In order to reduce the cost of cargo transportation, some manufactur-
ing companies apply the method of reducing and improving aerodynamic performance and installing new economical engines.
Improved aerodynamics by some of the manufacturers provides fuel savings of up to 3% for long-distance and regional trans-
portation. In order to improve aerodynamic performance (reduction of air resistance) of a road train, its shape was analyzed,
taking into account possible side winds affecting the car body
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V craTTi omucaHa MOXJIMBICTh AOCHIPKSHHSI aepOIHHAMIYHUX [OKa3HUKIB BAHTAXKHOTO aBTOIOT3/1a 38 IOMIOMOT'0F0 KOMIT FOTe-
pHOTrO MoaesroBaHHs. JlaHuit criocié HOCiHKEHHS MOXKe 3HHU3UTH 3aTPaTH Ha MPOCKTYBAHHS HOBUX KOHCTPYKLiil aBTOMOT3AiB
Ta 3 He3HAYHMMH 3aTPAaTaMH BU3HAYNTH ONTUMANIbHI KOHCTPYKTHBHI 0COOIMBOCTI 1opoOku aBToMoOis. [leski hipmu BUpoO-
HHKH 7151 3SMEHLICHHS BApTOCTI EPEBE3eHHI BAHTAXIB IAyTh LIUIIXOM 3MEHIICHHS Ta MOKPALICHI aepOJMHAMIYHHIX TOKa3HHUKIB
Ta BCTAHOBJICHHSAM HOBUX €KOHOMIYHUX ABUTYHIB. EKOHOMISI B IeSIKMX BUPOOHHUKIB IiCIIsl BAOCKOHAJICHHS aepOINHAMIKH 3a-
Oe3redye eKOHOMII0 MaNbHOTO 10 3% [UIsl JAJICKUX i perioHaIbHUX MepeBe3eHb. sl MOKpaleHHs aepoIMHAMIYHUX OKa3HH-
KiB (3HIDKEHHSI OIIOpY ITIOBITPIO) aBTOIOI3/a, IO PYXA€ThCS, HAMU OYJIO POaHANII30BaHO HOTo (OpMy, BpaXOBaHO MOKIUBI
Oi4HI BITPH, IO BIUIMBAIOTH HA Ky30B aBTOMOOUIS. JIOCII/DKEHHS NPOBOMMIINCS JUIS TPHOX THIIB KOMIOHOBKH aBTOIOi31a
Mercedes-Benz Actros 1851 LS i wotupbox mBuakocreid. Ilepiia BiockoHaneHa MO aBTONOT3/1a i3 PO3TAIIOBAHUM 110331y
KPWJIOM — 100KOI0, Ipyra MoJeib — 3 00TiKaueM HIKHBOT YaCTHHH IPUYEIly Ta XBOCTOM MIIIKOM XeHHHHra MapkceHa Ta
AQHTUKPHIOM. PO3MO/Ii THCKIB HABKOJIO MAIlIMHH, 10 PYXA€ThCsl, BiIOMBAETHCS HA 11 pycCi 10 10pO3i BU3HAYCHO, IO MPH BH-
KOPHUCTaHHI KJIaCHYHO KOMIOHOBKH aBTOIOI3/1a Ha BUCOKHX LIBUIKOCTSX IPU3BOAUTS 10 3HAYHOTO JIOGOBOT'O OIOPY, 110 HPH-
3BOJHUTH [0 10 HAaWOLIbIIOT BUTpaTa NOTY)KHOCTI. [IpOBIBIIM IOCII/KEHHSI 3 BIOCKOHAJICHUMHU CXeMaMH aBTOMoi3aa 0yio
BH3HAUYCHO, 1110 HAlKpalla cxeMa 3 00TikaueM HIKHBOI YaCTHHU PHYEITY Ta XBOCTOM MilllkoM X eHHHHra MapKceHa Ta aHTH-
kxpuioM. [pu Takiit KOMITOHOBIII T03aly aBTOMOOLIISI BiICYTHS 30HA PO3PSIIKEHHS IIOBITPS, @ OTXKE 1 BIZICYTHE 3HIDKSHHS TUCKY
IO IPHU3BOAUTH JI0 3MEHIICHHS ONOPY PYXY Ta BUTPATi MAIbHOTO

KurouoBi ciioBa: aeponuHamika; aBTOIO13/1; XBOCTOBHI MIIlIOK, aHTUKPHUIIO, KPHJIO-I00Ka
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Introduction

While reviewing the materials of scientific studies
[1-6] it was defined that carrier companies spend up to
a third of their expenses on fuel, which leads to increase
in the cost of transportation.

In order to reduce the cost of goods transportation
some manufacturing companies apply reducing and im-
proving aerodynamic parameters and installing new
economic engines. Improved provides fuel savings of
up to 3% for long-distance and regional transportation.

Aerodynamic resistance of a car is caused by move-
ment of the latter with a certain relative speed in the
surrounding air environment. Among all the forces that
resist the car movement, aerodynamic resistance is of
the biggest interest due to the transport vehicles move-
ment speeds. The fact is that it is at a speed of
50-60 km/h that aerodynamic resistance exceeds any
other force of resistance to a car movement, and around
100-120 km/h it exceeds all of them combined.

Defining the unsolved aspects of the problem

To date, there is no method of acrodynamic resistance
force theoretical calculating, and therefore its value can
only be determined experimentally. Thus, it would be
useful to perform a quantitative assessment of the car's
aerodynamics at the design stage and optimize it by
changing the shape of the body parts in a certain way.
Unfortunately, solving of this task proves to be uneasy.
Various researchers and manufacturers tried to find the
solution to the problem [4, 7, 8]. It was, in particular,
by creating catalogs where the values of an object's aer-
odynamic resistance were set in accordance with the
main parameters of its shape [9]. This approach is ap-
propriate only in cases of application to relatively sim-
ple in aerodynamic sense bodies. The number of param-
eters describing the geometry of a passenger car is too
large, with individual flow fields being in a very com-
plex interaction with each other, so that in this case an
attempt to tame aerodynamics failed.

Problem statement

The purpose of the work is to review the ways of re-
ducing aerodynamic resistance. We chose to conduct a
study of aerodynamic indicators of a freight train using
computer simulation. This method of research can re-
duce the costs of creating new designs of freight trains
and determine the optimal design features of the car's
modification with negligible costs.

Basic material and results

The aerodynamic shape of the car body is a compo-
nent of safety and driving comfort.

It is known that when driving two trucks one after the
other, there is reduction of resistance to movement of
not only the second vehicle moving in an airbag, but
also the front one’s resistance, according to measure-
ments in the wind tunnel, decreases by 27%-32%.

As for automotive engineering, aerodynamic re-
sistance can be defined as the sum of its several com-
ponents.

These include:

— form resistance;

— outer surface frictional resistance;

— resistance caused by protruding parts of the car;

— internal resistance.

As known, form resistance is also called pressure re-
sistance or frontal resistance.

Form resistance is the main component of the air re-
sistance perceived by the frontal part of the car, it
reaches up to 60% of a car total resistance.

The reason for occurrence of resistance of this type is
compression of the air flow that hits the front part of a
car during the movement of the vehicle in the surround-
ing air environment. As a result, an area of increased
pressure is created in front of the frontal part, which in-
creases with increasing speed. Under the influence of
increased pressure, air flows are directed to the rear part
of a car; sliding over its surface, they flow around the
contour of the vehicle in some places along the length
of a car body, and phenomenon of elementary flows
separation from the surface around which they flow and
appearance of vortices in these places begins to appear.

As it is defined by leading researchers [3, 6], in the
rear part of a truck the air flow breaks off from the body
of the vehicle, which negatively contributes to for-
mation of a reduced pressure area, where air is con-
stantly sucked in from the surrounding air space.

A classic example can be often observed in the pres-
sure reduction area, namely the presence of dust and
dirt settling on the structural elements of the rear of the
vehicle.

Considering the difference in wind pressure in front
and in the back of the car, the force of resistance is cre-
ated.

The further behind the body, the disruption of the air
flow from the streamlined surface, the smaller accord-
ingly, the area of reduced pressure, the smaller the force
of frontal resistance will be.

This happens as a result of partial filling of the area
of reduced pressure and reduction of the discharge be-
hind it. It is known from the above that the shape of the
vehicle body in this case has a significant role.

The body of the car must be made in such a way that
the process of air movement from the front area of the
car to the back takes place with the least amount of en-
ergy, and the latter is determined mainly by the nature
of vortices.

The less local vortices are formed, which interfere
with the normal flow of air flows under the influence of
pressure differences, the less the force of frontal re-
sistance will be.

Frictional resistance is due to ‘adhesion’ of moving
layers of air to the surface of the vehicle body, as a re-
sult of which the air flow loses its speed. In this case,
the value of frictional resistance depends on the prop-
erties of the body surface treatment material, as well as
its condition. The fact is that any surface has a different
surface energy that can affect the environment to vary-
ing degrees. The greater the value of the surface energy
of the car covering material, the stronger its surface in-
teracts at the molecular level with the surrounding air
environment, and the more energy must be spent on the
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destruction of Van-der-Waals forces (the forces of mol-
ecules mutual attraction), that prevent mutual move-
ment of the touching substances volumes. This type of
loss accounts for about 10-20% of all aerodynamic
losses.

The lowest values of frictional resistance refer to cars
with new, well-polished coatings, as opposed to cars
with poorly painted bodies or coatings that have lost
most of their consumer properties over time.

The main objective of the work is to develop a con-
struction model of a semi-trailer-container train and de-
termine the engine power for different types of road
trains.

To create a model and reduce time and costs during
the designing, we recommend using the SolidWorks
2020 program, in which a model of a road train can be
easily created and the parameters to study are set.

The Mercedes-Benz Actros 1851 LS car was chosen
as a tractor (Figure 1)

Figure 3 — Diagram of air speed distribution
around the road train at a speed of 100 km/h

Figure 1 — Mercedes-Benz Actros 1851 LS car Figure 4 — Diagram of air vorticity distribution
around the road train at a speed of 100 km/h
The created model of the tractor, which is shown in
Figure 2, copies all the details of the car and enables
studying aerodynamics at different speeds.

Figure 5 — Diagram of air pressure distribution
around the road train at a speed of 100 km/h

Figure 2 —Mercedes-Benz Actros car model

At the initial stage, acrodynamic performance of the
model was studied on example of a standard road train
at different speeds of 36, 60, 80, 100 km/h.

The results of the research can be seen in
Figures 3-6.

Figure 6 — Model of the Mercedes-Benz Actros car
with a rear wing-skirt
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Then the models were created according to the rec-
ommendations described in the works [3, 4, 6]: - with a
located behind wing - a skirt (Figure 5), - with a fairing
of the lower part of the trailer and a tail with Henning-
Marxen's bag (Figure 7), and an anti-wing (Figure 8).

Figure 7 — Mercedes-Benz Actros car model
with trailer underbody fairing
and Henning-Marxen bag tail

Figure 8 — Mercedes-Benz Actros car model
with trailer underbody fairing
and Henning-Marxen tail bag and rear wing

After conducting a study, the aerodynamics of the
road train was analyzed in different layouts (Figure 9-
13), and it was found that layout of the road train with
the fairing of the lower part of the trailer and the tail of
the Henning Marxen bag and anti-wing proves to be the
best.

Having analyzing figures 3 and 9-11, the conclusion
can be made that the greatest power consumption will
be with the classic scheme of the auto-top train layout,
and the best scheme is with fairing of the trailer lower
part coupled with the tail with a Henning Marxen bag
and an anti-wing. With such a layout, there is no air
discharge zone behind the car, and therefore there is no
pressure drop, which leads to a decrease in movement
resistance.

It was decided to make a verification calculation of
the effect of attachment on the engine power in various
driving conditions.

Calculations were made for the following layouts:
1 — a standard road train with a Actros car;
2 —road train with Actros located behind the wingskirt;
3 — acar train with a fairing of the lower part of the
trailer and a tail with a Henning Marxen bag and an rear
wing.
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Figure 9 — Diagram of air speed distribution
around the road train at a speed of 100 km/h
with a wing-skirt located behind
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Figure 10 — Diagram of the air velocity distribution
around the road train at a speed of 100 km/h
with the fairing of the lower part of the trailer
and the tail of the Henning-Marxen bag
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Figure 11 — Diagram of wind speed distribution
around a road train at a speed of 100 km/h
with a fairing of the lower part of the trailer
and a Henning-Marxen bag tail and an rear wing

8 Academic journal. Industrial Machine Building, Civil Engineering. — 1 (58)’ 2022



13089

OEYERE=EY

Figure 12 — Diagram of air vorticity distribution
around a road train at a speed of 100 km/h
with a fairing of the lower part of the trailer
and a Henning-Marxen bag tail

Figure 13 — Diagram of air vorticity distribution
around a road train at a speed of 100 km/h
with the fairing of the lower part of the trailer
and the tail with a Henning Marxen bag
and an rear wing

Also, according to the diagrams of air flows distribu-
tion, it can be said that the phenomena described in the
first section are confirmed, namely the strengthening of
discharge zone behind the car, which will create addi-
tional movement resistance.

Calculation of the air resistance factor

The air resistance factor W, (N-s*/m?) is equal to:

W=ky Fa M
W=0.78.64=6.048

where kj 1s coefficient of a car flow; for the first version
of the layout &, = 0.95, for the second version k; = 0.85,
the third version is k» = 0.70;

F, — frontal area — the area of a car projection in a sec-
tion perpendicular to its lateral longitudinal axis, m.

The frontal area is determined by the drawing of the
general view of the car F,, = 8.64 (m?).

The required effective power of the engine, Nv, kW,
of the designed car is determined according to the vimax,
w, values specified in the assignment for the course
project, from the balance power equation when the car
is moving at maximum speed — Vax :

. Ga *Vimax + W : Vmaxz
=2 )
100077

0.026-131516-27.7 +6.047-27.7*

1000-0.88
where s, is coefficient of road resistance at the maxi-
mum speed of the car;
Ga — gravitational force from the total weight of the
car, N;
Vmax — 18 maximum speed of the car, m/s;
W — is the air resistance factor, (N-s*/m?);
17— is mechanical transmission efficiency

Speed characteristics of engines show the change in
power, torque, fuel consumption and a number of other
parameters. Depending on the position of the body con-
trolling the fuel supply, external and partial speed char-
acteristics are distinguished.

As a result of calculation the data were obtained (ta-
ble 1, figure 13), which testify to the effectiveness of
use of overhead elements on the container and trailer
when transporting the cargo, the data are presented in
table 1 and a graph is constructed (figure 14).

It is estimated that effectiveness of the proposed so-
lutions is 17%.

Nv =

=177,53

Table 1 — Dependence of engine power
for different types of execution of road trains

Road train | Speed of Air Effective
type movement | resistance | engine
km/h factor W, power Nv,
(N-s¥m?) | kW
1 layout 36 8,208 48,184
2 layout 36 7,344 47,20
3 layout 36 6,048 45,72
1 layout 60 8,208 107,16
2 layout 60 7,344 102,67
3 layout 60 6,048 95,93
1 layout 80 8,208 188,31
2 layout 80 7,344 177,56
3 layout 80 6,048 161,45
1 layout 100 8,208 305,86
2 layout 100 7,344 284,62
3 layout 100 6,048 253,69
9
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Figure 14 — Dependence of engine power for different types of road trains makings

Conclusions

The work considered and analyzed the current state
of theoretical and experimental work on the problem of
researching the external and internal aerodynamics of
road transport, which determines the need for further
scientific development of research that will be able to
consider the issue of external and internal aerodynam-
ics, based on the current state of methods of computer
modeling and research.

The main directions for improving the aerodynamic
characteristics of the elements of the top-of-the-road
train are proposed.

A computer model of a road train and a method of its
calculation are proposed, which allows to adequately
determine the aerodynamic characteristics with high
probability.

The dependence of the engine power for different
types of road trains at different speeds is determined.

The presence of vortex areas was revealed during the
study and a solution to their elimination was proposed.

The data obtained as a result of calculation, indicate
the efficiency of overhead elements use on the con-
tainer and trailer when transporting cargo is 17%.
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