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Air velocity modeling velocity of the air around the trunk road train
with installed rolling roof fairings
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The new rolling roof fairing installed in the tractor non-bonnet cab main train layout constructing are given. After analyzing
existing exhausting elements installed on the tractor highway trailer and a large number of roof rails, it has been substantiated
the expediency of installing a movable rope on the tractor roof, which can change the angle of the trailer airflow link with the
combination of two movements - vertical and horizontal. The combination of these movements enables to change the pa-
rameters of streamline. For this purpose, the basic hydraulic control scheme is designed, which has a number of advantages:
the starting units movements smoothness, the ability to continuously adjust the speed in a wide range, low inertia, simplicity
of management and automation, high operational reliability and resistance to overload. Due to the modern capabilities and
development of sophisticated electronic control systems through the introduction of such a system in the control process of
hydraulic cylinders can ensure the system reliability, efficiency, ergonomics and safety equipment.

Keywords: main motorway, streamlined, roof fairings, hydraulic control scheme.

Mope/ir0BaHHA HIBHIKOCTI PyXy NOBITPSI HABKOJIO MAricTPajabHOI0
aBTOIOI3/1 i3 YCTAHOBJIEHUM PYXOMHM JAaXOBHUM O0TiYHUKOM
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HapeneHno pe3ynpTaTé KOHCTPYIOBaHHS HOBOT'O PyXOMOT'O JJaXOBOTO OOTIYHUKA, SIKUM YCTaHOBIIOETHCS Ha KaOiHi Oe3KaroT-
HOTO KOMIIOHYBaHHs TAraya MarictpajibHoro aBromoizfa. Ilicnms aHamisy icHyrounx OOTIUHHX €JIEMEHTIB, sIKi BCTAHOBIIO-
IOThCS Ha TATa4 MariCTpaJibHOTO aBTOIOi3/1a, TA BEIMKOI KUIBKOCTI caMe JaXOBHX OOTIYHHUKIB Oys0 OOIPYHTOBAaHO AOLIJIb-
HICTb YCTAaHOBJIEHHS PYXOMOTO OOTIYHMKA Ha Jaxy TAraya, KOTpUil MO)ke 3MiHIOBATU KyT OOTIKaHHS MOBITPSIM MPUYINMHOL
JIAHKH 3a JOIOMOT0I0 KOMOiHamii IBOX PyXiB — BEPTUKAIBHOTO i TOPU30HTANBHOTO. [lo€fHAHHS IIUX PYXiB HAZACTh MOXIIH-
BICTH HAOUIBII IIPOCTO 3MIHIOBATH MapaMeTpH OOTIYHOCTI. [y IIOTO CIIPOEKTOBAHO IPHHIMIIOBY TifPaBIiYHy CXeMYy Ke-
pyBaHHS OOTIYHUKOM, SIKa Ma€ Psijt IepeBar: INIaBHICTh PyXiB BUXITHUX JIAHOK, MOJKJIUBICTh 0€3CTYIIHYACTOTO PEeTYTIOBaHHS
IIBAAKOCT] y MIMPOKOMY Hiala3oHi, Maja iHepIiiHICTh, IPOCTOTAa KePYBAHHS H aBTOMATH3aIlil, BUCOKAa eKCILTyaTalliifHa Ha-
JIMHICTB Ta CTIMKICTB O NepeBaHTaKeHb. 3aBISKN CY9aCHUM MOXIIMBOCTSIM 1 PO3BHUTKY CKJIAJHHX EJIEKTPOHHUX CHCTEM Ke-
PYBaHHS LUISIXOM YIPOBAKEHHS TaKOi CHCTEMH y MpoIeci KepyBaHHS TiIpOLMIIHAPAMH MOXKHA 3a0e3MEeYUTH HAIiHHICTD
pOOOTH CHCTEMH, €KOHOMIUHICTh, €prOHOMIUHICTD Ta TeXHIKy Oe3neku. Taky TipaBliuHy CXeMy MOXIIHBO >KUBUTHU SIK Bif
JIBUT'YHA, TaK 1 Bil Mepexi UBJIEHHS aBTOMOO1I1. KepyBaHHS MOXKHA BUKOHYBAaTH aBTOMaTUYHO, IUISIXOM yCTaHOBJICHHS Ti-
JPOPO3MOAUTBHUKA Ta PEryJIbOBAHOTO JPOCENs A0 KaOiHM TPAHCIOPTHOTO 3aco0y 1 MOETHAHHS LUX KOMIIOHEHTIB Yy €AWHHUH
6nok ympaBminHHsA. [loOynoBana y3aragbHEHa TPUBHMIpHA MOJENb Tsrada, a TaKOX BHKOHAHO rpadidHe MOJIETIOBaHHS
MIBAAKOCTI PyXy IOBITPS HaBKOJIO MariCTpaJbHOTO aBTOIIOI3/1a PI3HOTO KOMITOHYBAHHS 13 BCTAHOBJIEHHM JaXOBUM OOTIUHH-
KoM Ta 6e3 Hporo 3a rornoMororo Microsoft Excel ta ¢ynkuii Flow Simulation Bix SolidWorks.

KirouoBi ciioBa: MarictpanbHUi aBTOMNOI31, 0OTIYHICTD, 1aX0BUH OOTIYHHUK, TiApaBiIiyHa cXxeMa KepyBaHHS.
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Introduction

The main trains are the main goods chain component
transportation from the manufacturer to the final re-
cipient because of their mobility and load capacity, as
well as the branching of highways. It is not always
possible for car dealers to buy a new tractor. The mar-
ket of second-hand trucks in our country is develop-
ing; the old Soviet and post-Soviet trucks are being
replaced at European level by large enterprises. For a
potential buyer there is a number of estimated indica-
tors — technical, functional, operational, and the opti-
mal option is selected. One of the main performance
indicators is fuel efficiency.

Since the main production feature of the main train
is the speed of delivery to the destination, then the av-
erage technological speed at the same time is quite
significant. It is proved that a significant part of the
fuel consumed by a vehicle at high speed is needed to
overcome the air resistance. Therefore, the decrease of
the dynamic resistance of the motor-vehicle move-
ment is the main factor affecting the final reduction of
the cost of cost delivery that is the shortest way to ob-
tain additional profits [1 — 3].

Review of research sources and publications

A large number of authors investigated various
complex bodies flow processes, which include the
main motorway [1 — 5].

The nature and level of traffic main train jams is de-
termined by the shape, structural features and parame-
ters of the air environment. The rectangular shape of
the transverse and longitudinal section of the modern
highway trains, in combination with flat walls, pro-
vides the most useful space for placing the cargo in
them, but it is unsatisfactory from the aerodynamics
view point. At the same time, in the case of on-board
trucks, the main component of their frontal projection
is the cab frontal area, then in the main road trains
with high bodies, approximately the same size area
above the cabin of the body front wall is added [4].

Analyzing the linear series of highway trains, it was
determined that for them it is typical the presence of a
body significant excess over the cabin, a large gap be-
tween them, as well as uncircumcised or rounded
cabin and body frontal edge small radius [5]. All of
these factors greatly reduce streamlinedness.

The author [4] considered in detail the complex
main train flow mechanism with different layout
schemes by counter and lateral wind. It has been
proven that it has a negative impact on performance,
namely aerodynamic stability, exchange rate stability,
handling.

Definition of unsolved aspects of the problem

The authors [6 — 9], in theoretical studies and trains
aerodynamic properties graphical modeling, simply
install separate rails in different places, both the trac-
tor cab and the trailer link. It is permissible at the
stage of designing new technology, although there are
enough domestic and foreign cars used on roads, for
which it doesl not solve the issue.

Among the large number of existing inventions,
fender, located on the roof is the most commonly
used; the side parts of the tractor remain the most ef-
fective. Its effectiveness is scientifically proven, but
the application of one and the same ramp to different
semitrailers, trailers, tanks causes a violation of the
tractor aerodynamics. Such use is inappropriate and
ineffective. In [9], the expediency of installing a very
moving roof ramp, which enables to tune in to any
link of the train.

Problem statement

The purpose of the article is to develop a basic
scheme and design of the roof ramp, a hydraulic sys-
tem for changing the roof ramp parameters with the
adjusting possibility for any trailer structure, as well
as possible options for connecting and adjusting its pa-
rameters, based on the previous studies results [8 — 9],
as well as different layouts air movement speed
graphical modeling around the main train with the in-
stalled roof rails.

Basic material and results

The overall height of the sidecar is determined by
the trailer height couplings. The main resistance in
them is created by air, which flows through the cabin
and runs into the front wall of the semitrailer. In addi-
tion, in the intervals between the links of the automo-
bile train powerful vortices are formed, which seem to
increase the frontal area. Therefore, in various ways to
reduce the aerodynamic resistance, various designs of
the rails [6] are used which reduce the air resistance.

al

Figure 1 — Ways to improve the vibrancy
of the trains by installing the roof rails

The flywheel is a necessary tool that enables to use
the power of the truck most efficiently, as well as to
save time and money.

Advantages of installing a strap on the roof of a
truck for any trailer:

— helps to reduce the aerodynamic resistance of the
oncoming airflow, and also increases the safety of
traffic due to the road trains greater stability;

—provides high overstream rates due to the appro-
priate geometric parameters choosing possibility;

—provides ease of use and the ability to adjust the
cushion when driving a car;

—enables to mount on any tractor and reinstall on
other tractors without losing its technical characteris-
tics and without changing overall dimensions;

— enables to achieve substantial fuel economy;
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—enables to move faster without the cost of addi-
tional power providing superiority over competitors;

—reduces the load on the engine and reduces noise
in the cabin resulting from the flow of air masses;

—improves aerodynamics and increases the car
course stability and protects the semi-trailer body
from wear, extending its service life;

— improves the truck outward.

The general view of the movable roof rails is shown
in Figure 2.
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Figure 2 — General view
of the proposed roof railing

In [11] for the purpose of determining and construct-
ing a mathematical model, several tractors were proc-
essed and their average parameters are presented in
Table 1.

Table 1 — The average parameters tractors
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Average | 6200 2500 | 3500 300 19-21
Low 6200 2500 | 2900 300 20-22

For these tractors, the coefficient change of frontal
op pv depending on the form and the site of the roof
fairing has been investigated, which is presented in
Table 2.

Table 2 — Drag coefficient changes
on the parameters of the car and radome

No | Height Fairings | Location Drag
cab coefficient
G
1 | Average | None - 1.08
Straight Behind | 0.77
Improved 0.52
2 | Low Absent - 1.09
Normal Behind | 0.85
Improved 0.57
Improved | Ahead | 0.87

The research results have been used when calculat-
ing the changes in the amount of fuel consumed by the

flow of traffic. The relative savings of a tractor with a
low cabin and an improved ramp make up 16.3% of
the tractor without an outboard and 10.9% of the fitted
with a conventional cushion. For an average cab with
an improved ramp, the figures are 13.4% and 7.1% re-
spectively [11]. These calculations point to the expe-
diency of its use.

Of all the existing systems, it has been decided to
choose a hydraulic control system because it provides:

— the movements smoothness of the output units;

— the possibility of stepless speed control in a wide
range;

— small inertia;

— ease of management and automation;

— high operational reliability and resistance to over-
load.

The hydraulic scheme of the proposed control sys-
tem is presented in Figure 3.

Figure 3 — Hydraulic system for changing
the parameters of the roof rails
for any trailer structure:
1 — hydraulic cylinder; 2 — hydraulic distributor;
3 — servo-choke; 4 — safety valve;
5 — hydraulic pump; 6 — oil tank;
7 — filter; 8 — check valve

The principle of this control system operation is that
the liquid is absorbed from the oil tank by means of an
unregulated pump with constant flow direction and
fed to a hydraulic distributor with electromagnetic
control. In the spool neutral position of the hydraulic
distributor, when the pump is running, the pressure on
the pipeline between the pump and the distributor be-
gins to increase, with the safety valve triggered and
the liquid is merged into the tank. When changing the
position of the spool, open passage sections in the dis-
tributor and the liquid begin to enter the piston cavity
of the hydraulic cylinder. From the rod cavity of the
hydraulic cylinders, the fluid through the drainage line
passes through a hydraulic distributor, regulated
chokes with a servo drive and cleaned by a filter, fall
into the drains in the tank.

The hydraulic cylinders rods translational velocity
movement is controlled by the chokes. Reversal of the
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rods is carried out by switching the positions of the
hydraulic distributor. In emergency stops (for exam-
ple, an insurmountable effort), the pressure in the sys-
tem increases, thereby causing the opening of the
safety valve and the discharge of the working fluid
into the tank.

Due to modern capabilities and the development of
complex electronic control systems, the implementa-
tion of such a system in the process of managing the
hydraulic cylinders can ensure the reliability of the
system (long inter-repair period, control and shutdown
during excessive pressure on the system, interconnec-
tion with the onboard computer, etc. ), profitability
(ensuring the operation of the equipment within the
limits of rational parameters and operating modes),
ergonomics (ease of use) and safety techniques (pre-
vention of the occurrence of many types of injury dur-
ing system operation).

Hydraoulic cylinders 1 Hydraulic cylinders 3
and 2 posifion sensor ond & position sensor

Control block

Power
Supply

Figure 4 — Structural diagram of the hydraulic
system for changing the parameters of
the roof rails under any trailing structure

Such a hydraulic circuit can be fed, both from the
engine and from the car power supply. Due to modern
control electronics, it is possible to change the ramp
position without leaving the tractor, by installing a
hydraulic distributor and an adjustable throttle to the
vehicle cab, and combining these components into a
single control unit. Also, when connecting the control
unit to the on-board computer, the system itself can set
optimal parameters for the conditions, than reduce the
human impact on the system and prevent the equip-
ment from failing during strong wind gusts. Hydraulic
cylinders sensors show a change in the stem departure
and provide precise control of the change in the strap-
ping element overall dimensions.

Main train car air speed graphic modeling around
the different layouts with the installed roof rails.

The imaginary autotrain has been divided into the air
flow zone with its flow in the projection of the road
and the air velocity in these zones has been deter-
mined (Fig. 5).
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Figure 5 — Schematic representation of air flow
zones when traversing the trains

With Microsoft Excel, the air flow around the main
trains of different layouts has been simulated at
40, 60 and 90 km/h.
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Figure 6 — Figure velocity of the air around
the main road train low cab without a radome

W, kmyh
100
an
an \\\, -
T .
II | | h\'\l
[ ) —i)
s |l II.— — s
I B ! "
an ) II If '
X i _
30 -_.|1|.
Jd iRl
20 i
10
B
o 5000 1HOD 15000 IO FS0000 SO000 L0000  &0000  asDo0 A,

Figure 7 — Figure velocity of the air around
the main road train with a low cabin
and improved fairing front
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Figure 8 — Figure velocity of the air around
the main road trains with low cab
with improved fairing behind
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Figure 9 — Chart air velocity around
the main road trains with low cabin
with conventional fairing
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Figure 10 — Chart air velocity in Circle
of main road trains with an average cabin
without random
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Figure 11 — Chart air velocity around
the main road trains with an average cabin
with conventional fairing
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Figure 12 — Chart air velocity around
the main road trains with an average cabin
with improved fairing

Figure 6 — 12 shows a high-speed flow air different
main road trains with and without roof railing. Verti-
cal lines correspond to distances of 4400, 7400, 19900
mm, respectively. In front of any tractor, an excessive
pressure is created which counteracts the car and tries
to stop it, while in such a zone the speed of air move-
ment decreases until it reaches directly the cabin of the

car. After this, a sharp jump of speed corresponds to
the self-poison head flow, and the reduction behind it -
the gap between the tractor and the impudent ware-
house. The distance from 6950 to 19800 corresponds
to the trailer flap. After this, the airflow separation
from the rear of the trailer occurs, which is evidenced
by a sharp decrease in speed. The rest is the restora-
tion of the pest air velocity through the car.

Creation of three-dimensional models is more labor-
intensive process than construction of their projections
on a plane, but in this case of the three-dimensional
modeling there is a number of advantages, among
which:

— the possibility of considering the model from any
position;

— automatic generation of the main and additional
species on the plane;

— verification of interactions;

— engineering analysis;

— extraction of the characteristics required for pro-
duction.

b)

Figure 13 — The appearance of the tractor:
a — cabin of average height; b — low-cabin

In the future, the Flow Simulation function has been
used, which can simulate the flow of liquids and
gases, control grid, use of typical physical models of
liquids and gases, complex thermal calculation, gas,
hydrodynamic and thermal models of technical de-
vices.

With this package, the tractor traversing and flow
velocity around it have been calculated.

The results of three-dimensional modeling corre-
spond to the graphical dependences of previously cal-
culated trains areas can be seen at Figures 14 — 20.

48 Academic Journal. Series: Industrial Machine Building, Civil Engineering. — 1 (52)' 2019.




Figure 14 — Flow chart of the main auto train
with the average cabin

Figure 15 — Flow chart of the main train
with a low cabin

Figure 16 — Flow chart of the main auto train with
the average cabin and ordinary racing

Figure 17 — Flow chart of the main train
with a low cabin and ordinary ramp

Figure 18 — Flow chart of the main train
with an average cabin and an improved ramp

Figure 19 — Flow chart of the main train
with a low cabin and a front upgraded ramp

Figure 20 — Flow chart of the main train
with a with a low cab and located behind
the improved ramp

Conclusions

The study of the main train trail streamline enabled
to achieve the following results:

— after an analysis of the existing flow elements in-
stalled on the main train trailer and the revised large
number of rotors mounted directly on its roof, it was
substantiated the expediency of installing a movable
rope on the tractor roof that can change the trailer ro-
tation angle link air through a combination of two
movements — vertical and horizontal;

— the hydraulic roof railing changing the parameters
system with the possibility of adjustment for any
trailer structure is developed;

—suggested variants of roof ramp parameters ad-
justment connection;

— a generalized three-dimensional model of a tractor
and an advanced ramp has been created for conducting
experiments on it;

—a graphical simulation of the air velocity around
the mainline trailer of a different layout with and
without the roof railing installed using Microsoft Ex-
cel and SolidWorks Flow Simulation functions;

The next step is to create accurate models of the
most common tractors and study the passage of such
cars through the flow of air, both with and without the
outboard, it is possible to create a layout to confirm or
refute the data through computer simulation.
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