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Purpose. The research paper proposes to estimate the effect of heat inertia of the water heating system,
in transient operation modes, on the temperature condition in the passenger car, as well as to offer technical solu-
tions intended to reduce the heating system inertia effect and to maintain a stable temperature condition in the pas-
senger car premises in transitional modes of the heating system. Methodology. The author developed the method for
controlling the heat transfer of heating system pipes with the help of regulating casing. To control the heating
system and the heat transfer of heating pipes, two types of temperature control sensors were used in the passenger
car: certain sensors interacted with regulatory casings, while the others interacted with high-voltage tubular heating
element control devices. To assess the efficiency of heat interchange regulation of heating pipes and the heating
system control, with installed regulating casings, the operation of the heating system with regulating casings and two
types of sensors was mathematically modelled. Mathematical modelling used the experimental test data. The results
of experimental tests and mathematical modelling were compared. Findings. Currently in operated passenger cars,
control of heating appliances is not constructively provided. Automatic maintenance of the set temperature in a pas-
senger car is limited to switching on and off of high-voltage tubular heating elements. The use of regulating casings
on heating pipes allows reducing the effects of heat inertia and maintaining stable thermal conditions in a passenger
car, using the heating system as a heat accumulator, and also provides the opportunity to realize an individual
control of air temperature in the compartment. Originality. For the first time, the paper studied the alternative ways
of regulating the temperature condition in a passenger car. Using of the heating system as a heat accumulator.
Practical value. The regulation of the heat transfers of the heating pipes by regulating casings allows reducing the
effect of thermal inertia of the heating system on the temperature condition in a passenger car, implementing
individual adjustment of air temperature in a compartment within 40% of the power of the heating pipe section,
using the heating system as a heat accumulator.

Keywords: heating of passenger cars; free convection; heat transfer; heat accumulator

system is different, the higher the speed of the car,

Introducti . : .
ntrocduction the more the required heating capacity of the heat-

During operation, it is practically impossible to
maintain the required heat transfer fluid tempera-
ture in the passenger car boiler. This is due to the
shutdown of high-voltage electric heating tubes of
the heating system. The reasons for the shutdown
are different during moving and standing with
subsequent heating, resulting in transient heating
modes that cause temperature fluctuations in pas-
senger cars. This process is compounded by the
fact that during moving and standing of a passen-
ger car the required heating capacity of the heating

ing system increases, this is confirmed by the
results of the study [4], Fig. 1.

Transitional modes are compounded by the
large heat inertia of the heating system. The
installed high-voltage heating tubes also have heat
inertia, which also affects the inertia of the heating
system. The installed sensors for monitoring the
temperature in the car have no correction for the
inertia of the heating system.
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Fig. 1. Required heating capacity of the passenger car
heating system in relation to traffic at various outdoor
temperatures

Since 2004, all types of cars are equipped with
air-conditioning units [2]. The water heating
system with smooth regulation of the boiler’s heat
output in the range of loads from «0» to 48.0 kW is
proposed. For this purpose, the boiler is equipped
with three groups of electric heating: I group —
24.0 kW, 3 kV, II group — 12.0 kW, 3 kV, III
group — 12.0 kW, 380 V. The third group of the
boiler is connected to the air conditioner converter
circuit through the appropriate switching devices.
The converter provides for smooth regulation of
the output power from «0» to P,,, (12 + 17 kW).
Therefore, the III group of the boiler will have
smooth power regulation from «0» to
P, =12kW . As a result, the entire range of heat

output of the boiler will be with smooth regulation.

The disadvantage of the proposed system is that
the system can work qualitatively when heating the
boiler only with electricity.

The work [2] considers the water heating
system with smooth regulation of heating output of
heating pipes at boiler combined heating. The
system 1is designed for smooth regulation and
stabilization of the heat transfer fluid temperature
at the inlet to the heating devices, respectively, at
transient and steady-state modes, stabilizing the air
temperatures inside the car during cycling of high-
voltage heating groups of the boiler, and also when
the boiler is operated with solid fuel.

Fig. 2. Layout of water heating with separation of flows:
1 —Dboiler; 2 — divisor; 3 — circulating pump; 4 — heating pipes;
5 — air line; 6 — feeding pipe; 7 — air heater; § — mixer;

9 — bypass pipe; 10 — expander; /1 — overflow pipe;

12 — drain plug

The principle of operation of the system, whose
layout is shown in Fig. 2, consists in the separation
of the heat transfer fluid flow at the inlet to the
boiler into two adjustable parts by the divider 2
with an electric drive. One part of the flow returns
to the boiler /, and the second one through the by-
pass pipe 9, passing the boiler, goes to the mixer §.
The movement of the heat transfer fluid through
the system is carried out by a circulation pump 3.
Depending on the required heating
output of the system, a heat transfer fluid with the
required temperature is fed into the heating devices
through the mixer 8. In this case, there is no need
for strict maintenance of any value of the heat
transfer fluid temperature at the outlet from the
boiler.

This system can only work when the circulation
pump is on, which reduces its reliability.

The work [8] proposes to use the heating
system as a cold and heat accumulator; the
selection of accumulated, cold or heat is assumed
only through the water heater, without additional
conversion of the heating system. Using a heating
system as a cold accumulator is possible, but as a
heat accumulator without additional conversion is
impossible, since the heating system will work in
the wusual heating mode. The publication of
specialists [1] is devoted to the interaction of heat-
ing and ventilation systems; the work proposes to
automate the operation of the water heater to
maintain the set temperature, the outer air heated in
the heater and fed by the ventilation system.
Improvement of the operation of refrigerating
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equipment of passenger cars in transitional modes
was considered in [11].

The study [14] is aimed at reducing the energy
costs of modern light rail system Luas operating in
Dublin, Ireland, through the optimization of the
heating and ventilation system. The work [12]
studied the Swiss railroad vehicles of Swiss Rhae-
tian Railway (RhB). The research is aimed at
improving the energy efficiency of life-support
systems for railway vehicles, by reducing the
consumption of outside air by way of controlling
CO, content in the air. The publications [5, 9, 13]

are devoted to the improvement of air conditioning
systems of modern passenger cars. Problems of
increasing the comfort of passenger transportation
are also examined in the scientific works of other
researchers [7, 10], but they consider other aspects
of comfort, which are associated more with the
improvement of the dynamic characteristics of
passenger rolling stock.

Proceeding from the foregoing, it follows that
along with comparatively large volumes of
research on improving the design of passenger car
heating systems [1, 2, 4, 8, 11, 12, 14], the tasks of
ensuring the maintenance of a stable temperature
condition in passenger premises are practically not
considered and require more effective solutions.
Therefore, the direction of research related to
improving the efficiency of the operation of
heating units for passenger cars is an urgent
scientific and applied task.

Purpose

The purpose of this study is to develop
technical solutions to improve the design of the
water heating system, in order to ensure a stable
temperature condition in the passenger -car
premises in transitional modes of the heating
system

Methodology

To carry out the research it was necessary to
solve the following tasks:

— Analyse the shared participation of
convective and radiant heat exchange on the
surface of heating pipes;

— Evaluate the heat transfer efficiency of heat-
ing pipes, when installing the regulating casing.

On the heating pipe surface there is the

convective heat exchange with the internal air and
the radiant heat exchange with the walls and
internal equipment of the car. The intensity of such
heat exchange is estimated by the heat transfer

coefficienta., W/(m*-K), [6]:

oa=a,+a, €]
where a, radiant heat-transfer coefficient,
W/(m* -K); o, — convection coefficient,
W/(m* -K).

For different bodies the radiation factor is
different [3]. Its value is determined by the nature
of the body, its surface state and temperature. This
law establishes the dependence of the density E,

of the body integral radiation flux on its
temperature. For an absolutely blackbody:

Ey=0,T", 2

where o, — Stefan-Boltzmann constant
o, =5.67-10°W/(m*-K).
In technical calculations, this law is applied in

the more convenient form:

T 4
Eo_ o(ﬁ) ’ (3)

where ¢, — blackbody coefficient.
c,=6,-10°=5.67-10°W/(m* -K).

Consequently, the radiation energy of the
absolutely black body is proportional to the fourth
power of the absolute temperature.

This law can be applied to real bodies. In this
case, it takes the form:

4
E= c(%j . )

Here c is the radiation factor of various bodies.
It varies from 0 to 5.67.

Comparing the flux density of the body’s
self-radiation with the radiation flux density of an
absolutely black body at the same temperature, we
obtain another characteristic of the body, which is
called the emissivity factor €.
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g=—=—. ®)

The value of € varies from 0 to 1, which is
convenient.
In this case we have for a real body:

T 4
E=¢F£ =¢cc,| — | . 6
) CO(IOO) ( )

The flux of radiant heat exchange between two
grey surfaces in an enclosed space, when one of
the surfaces with the area F, flows around the

other with the area £, is calculated by the for-

_ LY (Y

Where the expression:

mula:

1
YT R Y ®
g, Iilg
is called the reduced blackbody emissivity
factor.
With regard to heating pipes:
F, —surface of the surrounding object (i.e., surface

of the walls and the internal equipment of the car);
F, —surface of heating pipes.

If we consider the last formula (8) with respect
to the heat transfer on the unit of the heat-sensing
wall surface, the specific heat flux of the radiation

will be:
4 4
T T,
= — | === |. 9

Taking into account that the specific heat flux
by convection is determined by the formula:

(10)

where 7, — pipe temperature, °C; 7, — air tempera-

ture, °C,
And the total heat flux ¢, by convection and
radiation is as follows:

qc :(x’c(tp _tn) b

(11

Taking into account the expression (11), we
obtain a formula for calculating the radiation heat
transfer coefficient:

q:qr+qc‘

7V
a, =0.04e,c,| —| . 12
' ”CO[looj (12
In formula (12) T, =0.5-(T,+T,) is the

average temperature of bodies exchanging radiant
heat.

With respect to the heat exchange between the
heating pipes and air in the car, index 1 refers to
the surface of the pipes, index 2 refers to the car
inner equipment surrounding the pipe.

To determine the convective heat transfer coef-
ficient, we use the criteria for the dependence of
the Nusselt number N, on the Grashof number G,

and the Prandtl number P :

N,=c(G,-P)n. (13)

Having determined N, , we calculate the value
of the convective heat transfer coefficient:

Nuk
a, =
d

where A — air thermal conductivity coefficient,

, (14)

W/(m*-K); d — determining dimension, here the
pipe diameter, m.

The value of the coefficients ¢ and #n, as well as
the product G, and P. in the formula (13) is

determined by the data of the table given in [3].

Having determined the value of heat transfer
coefficient o, we calculate the heat transfer of the
heating pipes O, W ;

O, =aF(t, -1,). (15)

Calculations of the heat transfer fluid
temperature at various points along the pipe are
made using the formula:

t=t +("—t)e ™.

(16)

Let us analyse the share of convective heat
transfer on the heating pipes of the heating system,
the calculation results are summarized in Table 1.
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Table 1
Heat transfer of the radiator from horizontal metal pipes at free convection

Initial data Notation Values Units
1 Radiator pipe diameter = 76 mm
2 Radiator length (one pipe) = 22 m
3 Number of pipes in radiator N= 2 pcs.
4 Water temperature a"c the beginning of the = 85 oC

pipe
5 Water temperature at the end of the pipe ty= 65 °C
6 Indoor air temperature t,= 22 °C
7 Type of pipe outer surface Grey paint
8 The Stefan-Boltzmann constant C,= 5.67 W/(m*-K*)
9 Acceleration of gravity g= 9.80665 m/c?
10 Emissivity factor of pipe surface e= 0.900 -
11 Average temperature of pipe walls o 75.0 °C
12 Temperature drop dt= 53.0 °C
13 Air volume expansion coefficient b= 0.00339 /K
14 Kinematic viscosity of air n= 0.0000133 m’/c
15 Prandt] number P = 0.7035 -
16 Air thermal conductivity A= 0.026119 W/(m-K)
17 Radiator surface area A= 10.5055 m’
18 Heat flux 0,= 3536 W
19 Radiation heat transfer coefficient a, = 6.4 W/(m*K)
20 Grashof number G.= 3314599.8 -
21 Nusselt number N, = 19.5387 -
22 Convective heat flow 0.= 3477 W
23 Convective heat transfer coefficient a, 6.2 W/(m*K)
24 F.ull power of 0,- 7.013 kW
radiator heat flow 6.030 keal /h
)5 Radiator heat transfer coefficient f oo 12.6 W/(m’ K)
10.8 keal /(h'm*-K)
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As can be seen from the calculation results in
Table 1, the share of convective heat transfer is
46+40% of the total heat transfer, the variations
depend on dt of the temperature drop.

Free (natural) motion arises under the action of
heat exchange near the surface due to the
difference in the densities of air layers having
different temperatures: lighter heated layers are
forced upward by heavier cold layers.

In view of the foregoing, it can be proposed to
control the heat transfer of heating pipes due to
free convection, reducing or increasing the degree
of convective heat transfer on the surface of the
heating pipes. This can be achieved by installing
regulating casings on the heating pipes. The closed
space is formed with holes for convective heat
transfer, while the area of the holes for convective
heat transfer must be adjustable, which will allow
increasing or decreasing the degree of convective
heat transfer on the surface of the heating pipes.

Direct regulators can be used for automatic
regulation. The principle of operation of a
direct-acting thermostat is based on the phenome-
non of liquid volume change due its temperature
change. That will allow to more accurately react to
changes in air temperature in the car, increasing or
decreasing the degree of convective heat transfer
on the heating pipes, thereby controlling the heat
transfer of the heating pipes.

In this case, two types of air temperature sen-
sors will be installed in the car, some will interact
with the regulating casings, and others will interact
with the control devices of the high-voltage tubular
heating elements. The interaction between sensors
for monitoring the air temperature in the car should
be as follows: the high-voltage tubular heating
elements can be switched off only after full closing
of the regulating casings holes; they can be
switched on only after full opening of the regulat-
ing casings holes. The principle of the system
operation: when the car air temperature increases
to 20 °C, the area of the holes on the regulating
casings becomes smaller, and with an increase in
the car air temperature their area decreases; when
the car air temperature reaches 22 °C, the holes are
completely closed, only then the sensors of high-
voltage tubular heating element control devices are
activated, and the heating elements can only be
switched on when the regulating casings holes are

fully open. Thus, the heating system will
accumulate thermal energy and will function as a
heat accumulator. This gives advantages: the
accumulated heat in the heating system will always
be available almost instantly, when opening the
holes, i.e. increasing the free convection increases
the pipe heat transfer. Thus, it will be possible to
maintain a stable temperature condition in cars, as
well as to adjust individually the air temperature in
the compartment.

To assess the efficiency of heat transfer
regulation of heating pipes, with installed regulat-
ing casings, the operation of the heating system
with regulating casings was mathematically
modelled. During mathematical modelling we used
the formulas (1), (12), (14)—(16), the car air
temperature can be determined by the formula:

Or —Or + Oy +ay ity + 0, Foty +¢p
o[y +a,F, +cpG

[y = Solo (17)

where O, — heat loss through the car windows;
O, — heat emission of the fan; O, — heating
capacity of heating pipes; a,, o, — heat transfer
coefficients respectively on the inner surfaces of
the enclosing structures of the body and the
internal equipment of the car; F|, F, — inner

surface of the enclosing structures and the surface
of the internal equipment; # — average temperature

of inner surfaces of enclosing structures;
t, — average temperature of the surfaces of the
internal equipment.

Mathematical modelling was carried out for the
all-metal passenger car of model 61-826 built by
the Tver Carriage Works (TVZ). We used the
initial data given in [2] in Fig. 12. Graphs of
temperatures of the heat transfer fluid and air,
namely: 1-¢,,, 2-t, — temperature of the heat

out >
transfer fluid at the input and output of the boiler;
7-t, — outdoor air temperature, 5-¢, — indoor air

temperature of the car, 8 — switching on of high-
voltage tubular heating elements. The initial data
are summarized in Table 2.

The results of mathematical modelling are
shown in Fig. 3.
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Table 2
Initial date
Th 1 2 3 4 5 6 7 8 9 10 1
tin,°C 45 65 91 63 56 87 60 45 55 65 55
tout ,°C 32 42 63 44 32 62 53 32 39 45 37
t,°C 20 18 24 24 17 24 24 22 20 23 22
t0,°C -12 -14 -11 -19 -18 -17 -9 -12 -9 —6 -3
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Fig. 3. Diagrams of air and water temperature in boiler, switching on and off of high-voltage
tubular heating elements:
1 — water temperature in boiler, 2 — water temperature in boiler with regulating casings, 3 — air temperature in a car,
4 — air temperature in a car with regulating casings, 5 — outdoor air temperature, 6 — switching on of high-voltage
tubular heating elements
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Findings

As follows from the data of the diagram 3
shown in Fig. 3, fluctuations in the car air
temperature within the limits of 17 + 25 °C are
caused by the switching off of high-voltage tubular
heating elements, drop of the outdoor air
temperature, thermal inertia of the internal equip-
ment of the car, and thermal inertia of the heating
system. The process of differences occurs as
follows: when the car air temperature drops to
18 °C, the control equipment switches on the high-
voltage tubular heating elements; during the time
of overcoming the inertia (heating) of the heating
system, the car heat loss continues and the car
temperature drops; when the system is heated the
air temperature rises; upon reaching 22 °C, the
control equipment switches off the high-voltage
tubular heating elements, but in view of the large
heating system inertia, the car air continues to heat
up to equality between the car heat loss and
thermal output of heating tubes, whereby the car
air temperature ranged between 17 + 25 °C.

When using the regulating casings of heating
pipes (diagram 4, Fig. 3), the car air temperature
fluctuated within 20 + 23 °C. This is due to the fact
that when the air temperature in the car reached
22 °C, the regulating casings decreased the heat
transfer of the heating pipes, when the car air
temperature was below 22 °C, the heat transfer of
the heating pipes increased, resulting in reduced
effect of thermal inertia of the heating system.
Comparing the diagrams 1 and 2 in Fig. 3 of water
temperature in boiler, it can be seen that with
regulating casings, diagram 2, the water
temperature in boiler is higher than that without the
regulating casings, diagram 1, under the same
conditions of the system heating and the car heat
loss. This leads to the conclusion that the heating
system, while performing their functions, can act
as a heat accumulator.

The use of regulating casings on heating pipes
allows reducing the effects of heat inertia and
maintaining stable thermal conditions in a
passenger car, using the heating system as a heat
accumulator, and also provides the opportunity to
realize an individual control of air temperature in
the compartment.

Originality and practical value

For the first time, the paper studied the
alternative ways of regulating the temperature
condition in a passenger car. Using of the heating
system as a heat accumulator. The regulation of the
heat transfer of the heating pipes by regulating
casings allows reducing the effect of thermal
inertia of the heating system on the temperature
condition in a passenger car, implementing
individual adjustment of air temperature in a
compartment within 40% of the power of the heat-
ing pipe section.

Conclusions

Analysis of the study, control of the heating
system inertia in the passenger cars, made it
possible to single out one of the problems in the
operation of the heating system, the unstable
temperature condition caused by the large thermal
inertia of the heating system.

Currently in operated passenger cars, control of
heating appliances is not constructively provided.
The heating pipe performance can be controlled
only by the temperature of the heat transfer fluid in
the heating system, into which the heating pipes
enter as a heater. Automatic maintenance of the set
temperature in a passenger car is limited to
switching on and off of high-voltage tubular heating
elements.

The paper proposes and examines the issue of
automatic maintaining a stable temperature
condition in a passenger car by installing regulating
casings on heating pipes. The mode of
operation and interaction of air temperature sensors
in the car is proposed.

This method of pipe heat transfer regulation will
allow reducing the effect of thermal inertia of the
heating system on the temperature condition in a
passenger car, implementing individual
adjustment of air temperature in a compartment
within 40% of the power of heating pipes passing
through the compartment. Using a heating system as
a heat accumulator will allow a maintaining a
regulated temperature condition in the car for the
longer period, for example, at the marshalling or
turnaround stations. The operating mode and
interaction of sensors for monitoring the car air
temperature will allow maintaining a stable
temperature condition in the car.
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In addition, the results of research can be used modernize heating units in the cars of the
not only for the construction of new cars, but also to  operating park, in depot conditions.
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4T IpoeKTHO-KOHCTPYKTOPChKE TEXHOIOTiuHe Gropo, JIHIMpONeTpOBCHKIIA HALIOHANBHHMI yHIBEPCHTET 3aTi3HIYHOTO TPAHCIIOPTY
iMeHi akazgemika B. Jlazapsna, Byn. Jlazapsiaa, 2, [lHinpo, Ykpaina, 49010, Ten. +38 (056) 371 51 12, exn. nomra
beloshickij@rambler.ru, ORCID 0000-0002-2424-8479

CIIOCOBM YIIPABJIIHHA IHEPTHICTIO OITAJIEHHA

Meta. Y HaykoBiil poOOTi mepen0adaeThcsi OMIHUTH BIUIMB TEIUIOBOI IHEPTHOCTI BOASHOT CHCTEMH OIAJICHHS
(pu nepexiHuX pexkuMax poOOTH) Ha TEMIIEPATYPHUI PEKUM y NMAcaKUPCHKOMY BaroHi. A TakoX 3aIlpOIOHYBaTH
TEXHIYHI pIlIEHHs, CHOPSMOBaHI Ha 3HIDKEHHS BIUIMBY TEIIOBOI iHEPTHOCTI CHUCTEMM ONAJICHHS Ta MiATPUMaHHS
CTaJIOr0 TEMIIEPAaTYpHOTO PEKUMY B NPUMINICHHSAX BaroHa Ha TMEPeXiHUX pEXHUMax CHUCTEMH OIAJICHHS.
Metoaunka. Po3pobieHo crocid kepyBaHHs TEIUIOBi1aueto 00irpiBalIbHUX TPYO CHCTEMH OMAJIEHHS 3a JJOIIOMOTOI0
PETYIOI0YNX KOXKYXiB. [ yIpaBTiHHS CHCTEMOIO OTIAJICHHS Ta TEIDIOBIqIaYeio OOIrpiBaIbHIX TPYO BHKOPHCTaHI
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JIBa TUIH JATYUKIB KOHTPOJIO TEMIIEPaTypy IOBITPS B BaroHi: OJHI B3a€MOMISIIM 3 PETYIIOIOYHMHU KOXKYXaMH,
a 1HOI — 3 TpUIaJlaMi aBTOMATHKU yHpaBiiHHA (HarpiBajgbHuMH BucokoBosbTHUMH TEHamu). [lns oninku edek-
TUBHOCTI PeryJIIOBaHHS TEIUIOBIAIaul ONaTIOBAJIBHUX TPYO Ta YIpPaBIiHHS CHCTEMOIO ONAalEHHS 3 BCTAHOBICHUMH
PETYJIIOIOUMMHU KOKYyXaMH MaTeMaTHYHO 3MOIEIbOBaHa poOOTa CHCTEMH ONAJICHHS 3 PEryIOBATbHUMH KOXYXaMH,
3 BUKOPUCTAHHSM JIBOX THIIB JaTYMKiB. [IJI1 MareMaTHYHOTO MOJIENIIOBAaHHS! BUKOPHCTAHI JIaHi eKCIIepUMEHTAab-
HUX BuUnpoOyBaHb. [IpoBeeHO NMOPIBHSAHHS PE3YJBTATIB E€KCIEPHUMEHTAILHUX BUIPOOYBaHb Ta MaTeMaTHYHOTO
MozemoBaHHs. Pe3yabraTtn. Ha nanuii yac B eKCIUTyaTOBaHHMX HAaCaKMPCHKUX BaroHax YIPAaBIIHHS NpHiIagaMu
OMaJICHHS KOHCTPYKTUBHO He rnependadeHo. ABTOMAaTHYHA IIATPUMKA 33JaHOI TEMIEpaTypd B MacaKUPCHKOMY
BaroHi 3BOTUTHCA IO BKJIIOYEHHS 1 BHUKIIOYEHHS BHCOKOBOJBTHHX TEHIB. 3acTOoCcyBaHHS PEryiiOI0UMX KOXKYXiB
o0irpiBabHUX TPYO M03BOJISE 3HU3UTH BIUIMB TEIUIOBO{ iHEPTHOCTI OMANEHHS I MiATPUMKHU CTIHKOTO TETJIOBOTO
peXHUMY B NACA)KUPCHKOMY BaroHi, BUKOPHCTOBYBATH CHCTEMY OIAJICHHS SIK TEIUIOBUI aKyMyJATOp, a TAKOX Ja€
MOXIIMBICTh pealli3yBaTH IHAMBIAyaJbHE PEryJIOBaHHS TeMIlepaTypu ToBiTps B Kyne. HaykoBa HoBu3HA. ABTO-
POM BIIEpIIIe TOCHTIPKEH] aJIbTePHATHBHI CIOCOOM PETYNIOBaHHS TEMIIEPaTypHOTo PEXXHUMYy B Barosi. Bukopucrani
CHUCTEMH ONAJICHHS K akymyJssitopu Temia. Ilpakruuna 3HaunmicTh., CTabinizaiis TEIIOBI a4l ONalOBaIbHUX
TpyO PEryNIOI0YUMH KOXYXaMH JJO3BOJISIE 3HU3UTH BIUIMB TEIJIOBOI IHEPTHOCTI CHCTEMH OIAJICHHS Ha TEMIIEpaTyp-
HHUH PEeXMM TOBITPS B BaroHi, peaji3yBaTH IHAMBIAyallbHE PETYIIOBaHHS TEMIIEPAaTypU MOBITPSl B KyIle B MeXax
40 % Bix MOTYXHOCTI AUISTHKH 00IrpiBaJIbHUX TPYO, @ TAKO)XK BUKOPHCTOBYBATH CHCTEMY OMAJCHHS SIK aKyMYJISTOP
Teria.
Kniouosi crosa: onaneHHs MacaXMPCHKUX BaroHiB; PHPOAHA KOHBEKIIIS; TEIUIOBIIa4a; aKyMyJIsITOp Terlia

3. B. BEJIOLLIMIKUI"

" [IpoeKTHO-KOHCTPYKTOPCKOE TEXHOIOTHIeCKOe 610po, JIHENpOIeTPOBCKHI HAIMOHATLHEINA YHHBEPCHTET
JKEJIE3HOJ0POKHOTO TPAHCIIOpTa UMEHU akajaemuka B. Jlasapsna, yi. Jlasapsna, 2, luunpo, Ykpauna, 49010,
ten. +38 (056) 371 51 12, an. mouTta beloshickij@rambler.ru, ORCID 0000-0002-2424-8479

CITIOCOBBI YITPABJIEHUA UTHEPTHOCTBIO OTOIVIEHUA

Hesas. B Hay4uHO# paboTe mpexArmoiaraeTcsi OUSHUTh BIMSHUE TEIJIOBOM MHEPTHOCTH BOISHON CHCTEMBI OTO-
TuIeHus (TIpU MEPEeXOIHBIX peKUMax paboThI) Ha TEMIIEPAaTyPHBIN PEXUM B MMACCAKUPCKOM BaroHe. A Taxxe HeoO-
XOAMMO TPEIOKHUTh TEXHUYECKUE PEIlICHNs], HAITPABJICHHbIC HA CHIKCHUE BIMSHUS TEIJIOBOW WHEPTHOCTH CHUCTE-
MBIl OTOILIEHUS U MOAJEP/KAHUE YCTOMUMBOIO TEMIIEPATYpPHOI'O PEKHMMa B IIOMEILIEHUSAX BAarOHA Ha IEPEXOIHBIX
pexuMax cucTeMbl oTomicHuss. Meroauka. PazpaboTan criocob ynpasiieHuUs TEIUIO0TAaucii 000rpeBaTenbHbBIX TPYO
CUCTEMBI OTOIUICHUA C MMOMOIIBIO PETYIUPYIOIINX KOXYXOB. I[J'lﬂ YyipaBJICHUA CHCTEMOM OTOIUICHUS U TCILIOOTAa-
4yeil 00OrpeBaTeNbHbIX TPYO HCIIOJIB30BAaHBI /IBa THIA JAaTYMKOB KOHTPOJIS TEMIIEpaTyphl BO3JyXa B BaroHe: OJHHU
B3aUMO/ICHCTBOBAIN C PEryJIUPYIOUIMMHI KOKYXaMH, a Jpyrue — ¢ MpuOOpaMy aBTOMATHKK YIIpaBieHHs (Harpesa-
TENILHBIMH BBICOKOBOJIBTHRIMH TOHamu). [[nist onieHKH 3 QEKTUBHOCTH PEryJIMpOBaHUS TEIJIOOTAAYH OTOIUTENb-
HBIX TPYO W YIpaBJIECHHS CHUCTEMOI OTOIUICHHS C YCTAHOBJICHHBIMU PErYIUPYIOUIMMHU KOXKYXaMH MaTeMaTH4YeCKH
CMOJIeNIUpOBaHa paboTa CUCTEMbI OTOILICHHUS C PEryIMPOBOYHBIMU KOKYXaMH, C UCIIOIH30BAHUEM JIBYX THIIOB Jat-
4yrKoB. JIJI1 MareMaTHYecKOro MOJICITUPOBAHKS MCIIOJIB30BaHbI JaHHbBIC YKCIIEPUMEHTAIBHBIX HCbITanuil. [IpoBe-
JICHO CpaBHEHHE pe3yJbTaTOB JKCIIEPUMEHTAJIbHBIX HCIBITAHUA W  MaTeMaTH4ecKOro MOJETHPOBAHHMS.
PesyabTaThl. B HacTosiiiee Bpemsi B 9KCIUTyaTHPYEMbIX ITACCAXKMPCKUX BaroHax yHpasjieHHe MPHOOpaMu OTOILIe-
HUsI KOHCTPYKTHBHO HE MPEIyCMOTPEHO. ABTOMATHUYECKOE MMOJICPIKAHUE 3aJaHHOW TeMIIepaTypbl B ACCAKUPCKOM
BaroHe CBOJUTCS K BKJIFOUEHHUIO U BBIKIIIOUEHHUIO BEICOKOBOJIBTHBIX TOHOB. [IpuMeHeHre peryaupyonmx KOxXyXoB
060rpeBaTeJ1be1x pr6 MO3BOJISIET CHU3UTh BIIMSIHUE TEIJIOBOU WHEPTHOCTU OTOIUICHUSA IJIA MOAACPKAHUA yCTOﬁ-
YHBOTO TEIUIOBOTO PEXXMMa B MACCaKUPCKOM BaroHe, UCIIOIb30BaTh CHCTEMY OTOIUICHUS KaK TEIUIOBOH aKKyMyJIs-
TOp, a TakXke /JaeT BO3MOXXHOCTh pEaJIN30BaTh WHAWBUAYaJIbHOE pEryJUpOBaHHE TeMIepaTypsl BO3IyXa
B kyrne. Hayunasi HOBHM3HAa. ABTOPOM BIIEpBBIC HCCJIEJOBAHBl AJIbTEPHATUBHBIE CIOCOOBI PETYINPOBAHUS
TEMIIEPAaTYpPHOTO peXuMa B Barone. VICIOJb30BaHbI CHCTEMbl OTOIUICHUS Kak aKKyMyJSITOp —Terlia.
MpakTuyeckasi 3Ha4UMOCTh. CTabHIM3aLHUS TEIUIOOTAYM 000TPEBATEIbHBIX TPYO PEryIHPYIOIIUMU KOXKYXaMu
MO3BOJISICT CHU3UTH BJIMSHHUE TEIUIOBOW MHEPTHOCTH CHUCTEMbI OTOIUICHHS HAa TEMIEPATypHBIH PEXHUM BO3IyXa B
BaroHe, peajin30BaTh HHANBHIYAIbHOE KOPPEKTUPOBAHHUE TEMIIEPATyphl BO3AyXa B Kyme B mpenenax 40 % ot mom-
HOCTH y4acTKa 000rpeBaTeNbHbIX TPYO, a TaKKe MCIOJIb30BaTh CUCTEMY OTOILUICHHS KaK aKKyMYJISITODP Terlia.

Knrouesvle crosa: OTOIUIGHHE MACCAKUPCKUX BArOHOB; €CTECTBEHHAs KOHBEKIHUS, TEIUIOOTAa4a; aKKyMYJISTOP
Teria
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