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CONTROL OF THE TEMPERATURE REGIME OF THE ROAD LEAF
USING A SOLAR COLLECTOR

Jamil Guliyev', Javanshir Guliyev’
! Kyiv National University of Construction and Architecture (Kyiv)
? Turkish National Defense University (Istanbul, Turkey)

The road should provide comfortable and safe driving, contribute to the least
impact of changes in weather conditions and provide the highest coefficient of tire-
road adhesion. All these requirements must be taken into account in the design,
construction and operation of roads. Therefore, the road should be equipped with a
device or system to prevent ice in winter, reduce the drying time of the slab after rain
and maintain the hardness of the surface in hot weather. On dangerous sections of
roads, ascents and descents, at intersections, airfield strips, etc. such equipment
should be installed. The thermal condition of the road surface should be considered
the main operational indicator that ensures proper transportation and traffic safety.

Currently, there are a number of proposals to support the issue under
consideration. All of them have significant drawbacks and therefore are not widely
used in practice. Known device [1] for heating road surfaces, which is a plate, inside
which there are channels with heating elements of a heating cable. The slab is
hydraulically and electrically insulated and its bottom base is thermally insulated.
When voltage is applied to the electric cable, the road surface heats up.

The main disadvantages of this device are high maintenance and repair costs and
low reliability. In the event of a cable or electrical connection failure, laborious work
is required to open and remove part of the coating. The efficiency of heating various
parts of the heating surface of the coating is associated with the peculiarities of heat
transfer from the heating cable and is uneven. In addition, cooling of the road surface
in this device is generally impossible.

Japanese patent [2] device for heating the road surface, has a plate inside which
there are heating elements made of plastic pipes. A non-freezing working agent
circulates inside the pipes in the form of a liquid. The lower base of the slab is
thermally insulated. The device, in addition, includes a heat exchanger and a source
of forced circulation in the form of a high-pressure pump, located off the road
surface. The heat exchanger is built into the hot water supply system, and when the
non-freezing working agent circulates through the heat exchanger, it heats up,
correspondingly increasing the temperature of the plastic pipes inside the plate and
heating the road surface. The main disadvantages of the known device are high
operating costs with a low coefficient of heat use. In addition, it cannot be used to
cool the road surface.

Another known device, [3] is intended to solve the issue under consideration,
consists of a plate with a body, inside which there are heated elements in the form of
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a system of pipes with liquid circulation in it. A high pressure pump and heat
exchanger are located off the road surface. The device, when pumping a working
agent through a heat exchanger-reservoir, heats it up and it, distilling it with a pump
of a system of pipes laid under the roadbed, changes its temperature. The device
allows cooling the road surface during hot weather. The main disadvantage of the
known device is the impossibility of reaching a road surface temperature of a higher
level than the temperature of the water in a nearby reservoir. In harsh winter
conditions, this temperature may not be sufficient to prevent icing. In addition, the
operation of the device depends on the presence of a reservoir near the road surface,
with non-freezing water and temperature fluctuations in it. In the absence of a
reservoir, the operation of the device is impossible.

In order to realize the independence of the road temperature control system from
external heat exchangers (for example, reservoirs), the proposed device [4] contains a
plate with a body insulated from the base side. A heating element is located inside the
housing, which circulates an anti-freeze working agent. The device also has a source
of forced circulation of the working agent and a heat exchanger. However, unlike the
closest analogue, the plate body is sealed, the heat exchanger is located inside the
body, and a throttle heat generator (elements) is used as a heating element. The
source of the forced circulation of the non-freezing working agent in the hot season is
the gas compressor. As a result of the forced circulation of the non-freezing working
agent, the road surface is heated and cooled. A characteristic drawback of this device
1s its complexity, inefficiency and unreliability in operation, not the ability to use it
without electrical energy.

In the device developed by us, the control of the temperature regime of the
roadbed uses the principle of operation of the solar heat supply device and the
cooling system of the internal combustion engine (ICE). Thermal solar energy is
based on the use of devices and equipment that convert solar radiation into thermal
energy. The heat from solar radiation can also be used to cool and heat the roadway.
However, in this case, it is necessary to provide equipment in this system intended in
the internal combustion engine for the cooling system of which a certain most
favorable thermal regime is maintained and thereby allows protection against
hypothermia and overheating.

When illuminating roads in some countries, including the United States, they began
to block automobile roads with special plates (solar collectors) with glazing made with a
special reinforcing method. In this case, the asphalt concrete road surface plays the role
of a solar energy receiver and, as indicated in [3], these solar panels can withstand a load
equal to the pressure of the wheels of a 40 ton truck. Also in this work, the ease of repair
1s noted, 1.e. if any of the panels breaks, then there is no need to dismantle the entire
section of the road, it is enough to remove only the faulty plate with the collector. Taking
into account the achieved, and taking into account that in modern low-temperature heat
supply systems (to), used to convert solar energy into low-potential heat, it is advisable
to use a solar collector (SC) with a trap, the operating principle of which is described in
[5]. This device is a solar collector through which the coolant circulates. The structure of
the SC is thermally insulated from the back and glazed from the front.
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The use of conventional flat SCs and tube-shaped vacuum SCs under cloudy
weather conditions and at night breaks down their operating mode. Under these
conditions, the coolant, due to the fact that the water instead of heating, on the
contrary, 1s cooled, the system should have a SC panel with accumulating substances
(bitumen), hydrogen gas, with a low pressure of paraffins, etc. Thus, in order to
eliminate the disadvantages of conventional SCs, an active solar heat supply system,
we propose to use it for the device under development described in [6], which is
called a flat SC with a heat trap operating on the basis of hydrogen gas.

1 2 3 4 5

Fig 1. Schematic diagram of the device for controlling the temperature regime of the roadway using
the SC: 1 - expansion tank; 2 - fuel neck; 3 - inlet pipe; 4 - thermostat; 5 - temperature sensor
entering the liquid cooling system; 6 - the radiator liquid temperature sensor; 7 - pump; 8 - exhaust
pipe; 9 - fan; 10 - radiator, 11 - sc case with trap, 12 - insulating thermal layer; 13 - sealing gasket,
14 - transparent coating (glass); 15 - layer of bitumen and kira; 16 - pipes through which the coolant
circulates (non-freezing liquid).

The use of the developed device will make it possible to obtain an economic
effect by increasing the service life of the road surface, reducing the consumption of
freeing roads, from ice without using salt and sand mixtures, cooling and heating of
asphalt reduce overall surface wear, eliminate the effect of salt on the environment,
reduce transport safety, traffic jams and etc.

Let's consider the principle of operation of the device developed by us for
maintaining the temperature regime of the road surface.

This device serves to maintain an optimal thermal regime of the roadway by
means of controlled heat removal from the hottest road surfaces. To control the
temperature regime of the roadway, a feature of the cooling system is used, a device
that consists in a known method of maintaining the required temperature provided by
a two-valve thermostat. When the temperature of the roadway is below optimal and it
1s required to warm up the surface, then the lower thermostat valve is closed and the
cooling of the anti-freeze liquid coming from the SC pipes does not pass through the
radiator. In this case, the heated liquid, up to a certain temperature in the SC, does not
pass through the radiator. In this case, the liquid is heated by light radiation or heat
accumulated in the SC trap and, with the help of a pump, circulates in a small circuit.
The liquid leaving the SC tube passes to the upper thermostat valve and enters the
pump again. As a result of the circulation of liquid in this part, the roadbed warms up
quickly.
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When the road surface is very hot, the upper thermostat valve is closed, the lower
one 1s open. In this case, most of the liquid enters the radiator, is cooled in it, and then
through the pipelines and through the open bottom valve of the thermostat enters the
pump. A radiator is a heat exchanger in which heat is transferred to a liquid by an air
stream.

The thermostat is an automatic valve that accelerates the heating of the frozen
roadway and regulates, within certain limits, the amount of liquid passing through the
radiator and the SC panel. It is installed at the outlet of the liquid (heat carrier) from
the SC. A thermostat with a solid filler, a mixture of cerazine (o1l truck), with copper
powder, has a stem that is connected by a rocker with a damper (valve). When the
road surface needs to be warmed up, the damper is open and the coolant (heat carrier)
does not enter the radiator. When cerazine is heated, it melts, its volume increases,
and by moving the stem, the valve opens. The liquid begins to circulate through the
radiator (large circulation circle). Thus, as a result of the forced circulation of the
anti-freezing agent through the SC with the trap, the road surface is heated or cooled.
The technical result is an increase in efficiency, reliability and independence from
power sources.
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Traffic participators’ safety relies heavily on effectiveness of vehicle braking
system. Thus, braking system design is essential when designing a new vehicle.
Modeling of the functionality of the designed system is one of the most important
phases of design. Time and material expenses for imitational modeling are always
less than actually producing maquettes and conducting experiments on them.
Experiments should prove theoretical abstracts stated while modeling. Thus, the
imitational model should be well designed and adequate [1].

When modeling a braking system, one should synthesize the synergy between
different physical elements and systems — the linear and rotational movement of
mechanical parts, the work of hydraulic system and its synergy with brake fluid,
automatic electric control circuits based on microcontrollers [1].

MatLab allows to synthesize such imitational models with good accuracy and fast
speed of experiment conducting. The developer of such a model can optimize the
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