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Abstract. Problem. In recent years, Ukraine has seen a sharp decline in ambient temperature,
especially in the winter. Accordingly, this has a negative impact on the performance of car engines
(difficult to start and prolonged warm-up), as the lion's share of private sector cars are parked in open
areas and are subject to sudden temperature and humidity changes. Therefore, to partially solve this
problem, our attention was focused on the air lines of the intake system of the gasoline engine, as this
system is easily accessible and does not require significant design changes for its modernization.
Goal. The purpose of the work is to ensure the ease of starting the gasoline engine and reduce the time
to warm up. Methodology. Operation of the car in the conditions of the lowered temperatures,
essentially promotes deterioration of its fuel economy. The basis of such a negative process of fuel
consumption is incomplete combustion of the working mixture. And this is the deterioration of
spraying and evaporation of fuel and increasing the duration of engine warm-up. At such low ambient
temperatures, the effective operation of the car in a garage depends significantly on the method of its
preparation (which should at a minimum cost of fuel and energy resources to ensure rapid and
reliable engine start and accelerated warm-up). We decided to obtain thermal energy to heat the inlet
air at no additional cost. This is the installation of a gasoline engine with a spark ignition of the
incandescent coil in the intake air line, which will receive power from the battery. Such modernization
of the system does not require major design changes and significant financial investments Unresolved
issues remain to assess the effectiveness of the process of heating the air entering the combustion
chamber of the engine to create a working mixture. It should be noted that the optimal heating of the
engines is most appropriate to carry out (ie heating the coolant and oil in the engine lubrication
system) not to the temperature of the operating thermal mode, but to the temperature that ensures its
reliable start. Results. The scheme of connection of a heater of intake air in an onboard electric
network of the car is presented. The results of the heat balance of the studied gasoline engine (using
cold and heated air flow) during its heating are obtained. The optimum temperature of the warmed-up
engine at which further economical operation of the car is possible is established. Originality. This
spiral heater was first used to heat the intake air charge during the start-up and warm-up of a
gasoline engine. Practical value. The developed heating equipment can be used for both gasoline and
diesel internal combustion engines. It should be switched on only during engine start-up and warm-up.

Key words: glowing filament, intake system, starting characteristics, engine warm-up time, fuel
consumption.

Introduction Therefore, to partially solve this problem, our
attention was focused on the air lines of the in-
take system of the gasoline engine, as this sys-

tem is easily accessible and does not require

In recent years, Ukraine has seen a sharp decline
in ambient temperature, especially in the winter.
Accordingly, this has a negative impact on the

performance of car engines (difficult to start and
prolonged warm-up) [1], as the lion's share of
private sector cars are in open areas and are
subject to sudden temperature and humidity
changes.

significant design changes for its modernization.
Analysis of publications

The quality of mixing air with fuel and air tem-
perature, significantly affect the performance of
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6 Perspective of internal combustion engine

the engine (especially fuel efficiency, environ-
mental friendliness, power, starting properties
and wear intensity of parts) [2-4].

Under different operating conditions of cars,
it is necessary to provide the optimal thermal
mode of operation of the internal combustion
engine from + 40°C to + 95°C. These conditions
are violated by the low ambient temperature and
the quality of mixing of air and fuel flows, form-
ing a working mixture that enters the working
cylinders of the engine. Scientists have proved
that increasing the wind speed to 12 m/s — leads
to an increase in the cooling process of the en-
gine elements by about 3 times compared to the
static state of the car [5, 6].

Adverse starting properties of a cold gasoline
engine, due to the difficulty of achieving the
required speed of the crankshaft - are interpreted
as the deterioration of the conditions of for-
mation (preparation) of a quality working mix-
ture. Engineers - researchers have proved that
the start of a new gasoline engine is achieved
when the crankshaft speed reaches 40... 50 rpm.
Then, the engine power system is able to pro-
vide the necessary process of preparation of the
fuel-air mixture for ignition [7].

As a result, the lion's share of the minimum
crankshaft speed (during start-up) depends on
the ambient temperature and the availability of
additional equipment for the pre-start thermal
system of the cold engine, engine design and its
serviceability.

The moment of resistance to the starter acts
on the compression of the fuel-air mixture and
on overcoming the forces of inertia, which does
not actually change, but the change in air tem-
perature at the time of overcoming friction forc-
es (from 0 to minus 20°C) changes 4 times. This
change in the resistance force is due to the in-
crease in oil viscosity in the engine lubrication
system. Another component of the energy bal-
ance of the internal combustion engine is the
chemical energy of the fuel. It affects the over-
coming of the forces of friction and inertia of the
masses of the crank mechanism [8-9].

Scientific staff has proven that a significant
part of thermal energy after combustion of the
working mixture is lost with the exhaust gases.
These costs increase significantly with changes
in temperature between the engine and the envi-
ronment.

Graphically, the energy balance of the gaso-
line internal combustion engine in the heating
mode, shown in Fig. 1 (at constant speeds and
loads).
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Fig. 1 Energy balance of the engine with spark igni-

tion [10]

From the above diagrams it is seen that the
diagram Nel shows the energy of the heat bal-
ance (in the combustion chamber of the engine),
and under Ne 2 shows the distribution of thermal
energy (for warming up the engine), 53%. Ac-
cordingly, 4% is spent on heating the oil in the
crankcase, 12% on heating the coolant in the
cylinder block, 32% is spent on heating the met-
al elements of the engine (cylinder block, cylin-
der head, crankshaft) and 52% of heat is ab-
sorbed by the environment (ie extra energy
costs). Based on these diagrams, it is possible to
determine the most optimal ways to solve prob-
lems to increase the energy efficiency of the en-
gine (given the reduction of the impact of cold
start and its warm-up). And this is the use of
various engine insulators and batteries, which is
a safeguard to reduce heat loss to the environ-
ment. During the start-up of the cold engine, the
process of wear of the surfaces of the slider-
crank linkage parts is intensive. Such an aggres-
sive environment occurs due to condensation of
parts of the fuel that falls on the cold walls of
the cylinders. Under the influence of mechanical
loads and chemically aggressive environment,
the oil film on the friction surfaces of conjugat-
ed parts is intensively destroyed. It is proved
that at the temperature of the coolant up to
+40°C, the wear rate of the cylinder liners in-
creases 4 times, and at the temperature + 50°C 2
times [11,13].

Summarizing the above, it can be stated that
in the process of starting and warming up the
gasoline engine, the process of mixing and oxi-
dation of the hydrocarbon mass with the air sup-
plied by the engine intake system is not com-
plete.

Therefore, all this determines the urgency of
developing equipment that would provide im-
proved conditions for mixing fuel with air in the
combustion chambers, and further contribute to
the improved start of the gasoline engine at sub-
zero ambient temperatures.
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Purpose and Tasks

Therefore, it is necessary to modernize the in-
take system of the gasoline engine and improve
the quality of preparation of the working mix-
ture in the cylinders. Determine the dependence
of engine warm-up time and fuel consumption
on the temperature of the intake air charge.

Accordingly, the aim of our research is to
improve the starting characteristics and reduce
the warm-up time of the gasoline engine in con-
ditions of low ambient temperatures.

The main material presentation

Operation of the car in the conditions of the
lowered temperatures, essentially promotes dete-
rioration of its fuel economy. The basis of such
a negative process of fuel consumption is in-
complete combustion of the working mixture.
And this is the deterioration of spraying and
evaporation of fuel and increasing the duration
of engine warm-up. At such low ambient tem-
peratures, the effective operation of the car in a
garage depends significantly on the method of
its preparation (which should at a minimum cost
of fuel and energy resources to ensure rapid and
reliable engine start and accelerated warm-up).

We decided to obtain thermal energy to heat
the inlet air at no additional cost. This is the in-
stallation of a gasoline engine with a spark igni-
tion of the incandescent coil in the intake air
line, which will receive power from the battery.
Such modernization of the system does not re-
quire major design changes and significant fi-
nancial investments.

Unresolved issues remain to assess the effec-
tiveness of the process of heating the air enter-
ing the combustion chamber of the engine to
create a working mixture.

It should be noted that the optimal heating of
the engines is most appropriate to carry out (ie
heating the coolant and oil in the engine lubrica-
tion system) not to the temperature of the oper-
ating thermal mode, but to the temperature that
ensures its reliable start.

To select a heater of this type (for a specific
engine) determine its heat output, respectively,
the size and requirements for starting the engine
at low ambient temperatures.

Semiconductor heaters have become quite in
demand in recent years. Based on the use of
heaters, original devices have been developed
that facilitate the ignition of the working mixture
of engines with an electronic fuel injection sys-
tem.

Due to the high requirements for electrical

safety, the most appropriate design of the elec-
tric heating element are sealed tubular electric
heaters. Their high reliability and electrical safe-
ty (the ability to provide the required shape of
the heater), allow them to be widely used in var-
ious designs of electric heaters, Fig. 2 [11].

Heating of metal
elements of the
engine

Heating the
coolant

—

Fig. 2. Safe-Start 000 series engine heater

During the start of a cold engine, only a
small percentage of light gasoline fractions
evaporate, and fuel that has not evaporated set-
tles on the walls of the intake manifold, creating
a fuel film. When it enters the engine cylinders,
the process of spraying the spark plug electrodes
takes place and the oil film is washed away from
the walls of the cylinders.

The maximum complete evaporation of gaso-
line (at low ambient temperatures) can be
achieved using a special gasoline evaporator. It
is installed it in the intake systems of the gaso-
line engine (to heat gasoline to a temperature of
189 ... 195 ° C), Fig. 4.

The amount of gasoline entering the evapora-
tor is dosed by the control needle of the solenoid
fuel valve, provided that all the gasoline evapo-
rates.

In the Fig. 3, shown a diagram of a gasoline-
evaporator device for starting cold gasoline en-
gines [8-10].

I.\\ ,:\ -5 Ry
\ N\ Spes

Fig. 3. Scheme of the gasoline electric evaporator
device: 1 — rechargeable battery; 2 — three-
position switch; 3 - resistor with thermal
relay; 4 — gasoline electric evaporators; 5 —
gas pipelines; 6 — the electromagnetic fuel
valve; 7 — control lamp; 8 — a gas tank with
the filter; 9 — faucet

To determine the influence of the intake air
temperature on the technical and operational
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8 Perspective of internal combustion engine

parameters of the gasoline engine, it is necessary
to establish the physicochemical parameters of
volatile fuel (gasoline), and to conduct a thermal
calculation of the engine, according to the meth-
od [9].

In the Table. 1 presents the physico-chemical
parameters of the fuel [4, 9].

Table 1 Physico-chemical parameters of volatile fuel

Kind | Density | Viscosity Octane Lower
of at 20°C, | at40°C, b burning,

fuel | kg /m? cSt UMBEr |y y/kg

A 92 726 1.6 92 44000

The use of thermal calculation makes it pos-
sible to establish how the pressure of gases in
the engine cylinders changes during the process-
es of intake, compression, combustion and ex-
haust gases [9].

To effectively start the gasoline engine at
low ambient temperatures, they used and in-
stalled a heat-resistant spiral in the intake system
of the power supply system. This heating ele-
ment is connected to the general electrical net-
work of the car and additionally performs the
function of excitation of the battery.

In the Figure 4 shown a diagram of the con-
nection of the heating element to the mains of
the car.

1 2 3 4 6 7 ’
D/._.__._y.j R4
F “ 104 = 4 w

Fig. 4 Wiring diagram of the heating element in the
inlet line of the power supply system: 1 —
rechargeable battery 6ST60; 2 — switch; 3 —
switching relay; 4 — fuse; 5 — heating spiral;
6 — control lamp; 7 — thermal switch (switches
off at+90°C)

The operation of the air heating coil in the in-
let line of the supply system of the studied gaso-
line engine is as follows: before starting the en-
gine (at low ambient temperatures), turn on the
switch and voltage from the battery is supplied
to the heating coil, heating the housing and the
chamber for 15 sec. At the same time, the bat-
tery is excited, improving its performance. Af-
ter, the thermal relay works, and the spiral is
disconnected from an electric network. The en-
gine is ready to start.

It should be noted that the engine starts
smoothly and quickly for 5...10 seconds.

To conduct experimental research, we used

laboratory equipment, which includes a stand of
point fuel supply and spark supply systems
(electronically controlled) of a modern gasoline
engine.

This stand of the "Motronic" system is locat-
ed in the laboratory of the Department of Auto-
mobiles and Tractors of the Faculty of Mechan-
ics and power Supply. It consists of: the source
of the electric drive of the stand; a modern en-
gine power supply system (which includes all
information and transmission mechanisms with
electronic control) and measuring fuel volumes
for each injector; engine temperature simulator
(environment); engine crankshaft speed simula-
tor; all elements of the electronic ignition sys-
tem.

This stand makes it possible to simulate dif-
ferent modes of engine operation, which are au-
tomatically controlled by the on-board electronic
control unit, which in turn controls the ignition
and power supply systems of the gasoline en-
gine.

All sensors used in the engine with spark ig-
nition are installed on the stand:

- mass air flow meter of mechanical type
with built-in air temperature sensor (measures
the mass of air used by the engine at a given
time). According to its readings, the electronic
engine management system supplies the appro-
priate amount of fuel. We have the opportunity
to set (simulate) any air flow on the stand;

- coolant temperature sensor - provides in-
formation to the controller about the degree of
heating of the engine. With the help of a varia-
ble resistor, we can set the temperature from -
30° to + 120°C.

Figure 5 shows a general view of the stand of
the system "Motronic" of the studied engine.

Fig. 5 General view of the stand of the electronic
system "Motronic": 1 — measuring tubes; 2 —
tachometer; 3 — the regulator of a temperature
mode of the engine; 4 — crankshaft speed
regulator

Automobile transport, Vol. 49, 2021
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According to the determined indicators of
heat released after combustion of the working
mixture: gasoline A-92 + cold air and gasoline
A-92 + warm air in the cylinders of the car en-
gine, heat balance diagrams are constructed,
Fig. 6.

100% 100%
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20.2% 29,9%

a b
Fig. 6. Engine heat balance

After analyzing the heat balance diagrams of
the studied gasoline engine, it was found that the
effective heat in cold air is 20.2 %, and in heated
air increased to 29.9 %.

This phenomenon is explained by the fact
that the effective amount of heat has increased
due to the heated air in the intake system.

According to the method of bench research
of the gasoline engine with the improved power
supply system, the schedule of dependences has
been figured out, Fig. 7
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Fig. 7. Graph of fuel consumption at the beginning of
starting and warming up the engine in volume
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The graph shows that the operation of the car
should begin at a temperature of + 40 °C.

Accordingly, at -15°C, fuel consumption
increased to  25.5cm®  compared to
+40°C - 8.5 cm?® during 60 s of engine operation.

Using the stand, Fig. 9, external computer di-
agnostics of the studied engine and electronic
timer found that the warm-up time of the engine
using a heating device is significantly reduced.

In the Fig. 8 shows the computer scanning
equipment of the engine.

Placement of
heat-resistant
spiral

Fig. 8. General view of the stand: a — scanning of the
engine; b — placement of the studied elements

In the Fig. 9, shows the results of a computer
scan of the engine.

EICILIEAE

|z | Passat(35) - [88-96]
~wmpy [ ey | ey -
@ W @ [0 v X

<] 1344V
Lo Jm  pl=
5
TTE———
......

928 o - sae wsen
14 - 0 "o
157 v
10000111

ABTOMOOiABHHUH TpaHCcHOpPT, Bum. 49, 2021



10

Perspective of internal combustion engine

(ow) Slsiwis FIRTCIEAES
S ny  Volkswagen Petrol) o6 = Passas) [E84]
a Techaical sata ﬂ Fisd ', Englnt tem -y - anply - -y
Em | AFT-SiMos E Ral Yy X
| Datalists- B nsv
% I I - _' -
€ L J Duaka bty o

Revslution signal
wa ’I .
&

Lamida senaor
Piug pestien Conditions for setting
Faafl manery 3

| atansty ¥

b

o - e
e - e
1,29 ¥ - w

10000011 - - -

Fig. 9. The results of computer diagnostics of the engine during its warm-up: a — scanned parameters of the
studied parameters without a heating device; b — readings with the heating element on

Analyzing the results of computer diagnos-
tics, it can be argued that the use of a heating
device (incandescent spiral) improves the com-
pleteness of combustion of the working mixture
and accelerates the start and warm-up of the en-
gine in low ambient temperatures.

During the operation of the cold engine (for
300 s), the temperature of the gasoline engine
(with the basic intake system) rose to 14 °C, and
with the upgraded — about 42 °C (operational).
Accordingly, the readings of the lambda probe
decreased from 1.57 to 1.29 V. The working
mixture became more depleted.

Conclusion

At low ambient temperatures, it is often difficult
to start and significantly increase the fuel con-
sumption of gasoline engines.

This upgraded system provides more com-
plete fuel combustion, which in turn contributes
to easier start-up and reduced fuel consumption.

The thermal calculation of the gasoline en-
gine showed that in the process of its operation
(at low temperatures), the effective heat in-
creased from 20.2 % to 29.9 %.

According to the results of bench tests, the
duration of engine warm-up at a temperature
(-5° C) is reduced by half.
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HocainzkeHHs1 MOAepPHI30BaHOI BIYCKHOI CHCTEMHU
0eH3MHOBOI0 IBUIYHA

Anomauia. Ilpoonema. B ocmanni poxu 6 Yxpaini
cnocmepieaemvcs piske 3HUJMCEHHs meMnepamypu
HABKOIUWHBO20 — Cepedosuyd, O0CODIUBO  B3UMKY.
Bionogiono, ye necamusno nosuauacmuvcsa na pooomi
08uzyHie aemomobinie (ympyoHenutl 3anycK i mpuea-
JUL NPOepiB), OCKINbKU 1e6068a YACMKA ABMOMODINIE
NpUBAMHO20 CeKmopa NApKyEMbCs HA  GIOKPUMUX
Maudanqurax i nio0aemvcs pizkum nepenaoam mem-
nepamypu i 6onozocmi. Tomy 0151 4acmKo8o2o eupi-
wenns yiei npobaemu Hawa ysaea o6yia 3ocepeoice-
Ha HA ROGIMPONPO80OAX 6nyCKHOI cucmemu OeH3U-
HO8020 O0BUZYHA, OCKLIbKU Y cucmema J1ecKo0o-
cmynHa i He nompeOye ICMOMHUX 3MIH KOHCMPYKYIT
ona ceoei’ moodepuizayii. Mema. 3abesneyumu nee-
Kicmb 3anycky 6GeH3UH08020 08USYHA | CKOpOMuUmu
uac Ha npozcpieanns. Memoodonozia. Excniyamayia
a8momobina 8 YMOBAX 3HUNCEHUX MemMnepamyp, ic-
MOMHO CRPUSLE NOZIPULEHHIO 11020 NATUBHOT eKOHOMI.
B ocHosi maxoeo mezamugno2o npoyecy eumpamu
nanuea nexcums HenosHe 320PAHHA poOo4oi cymiui.
A ye nocipuiennsa po3nuieHHs i UNapo8y8aHHs Naiu-
6a i 30inbuwienHs mpusaiocmi npozpisy oguzyna. Ilpu
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12 Perspective of internal combustion engine

MAaKux HU3LKUX MeMnepamypax HAGKOIUUIHbO20 ce-
peoosuuia epexmugna poboma asmomoobiii 6 ea-
PAdiCi 3HAUHOW MIPOIO 3aiedcUums 6i0 cnocody toeo
NPUSOMYBAHHSA (KU NOBUHEH NpU MIHIMATLHUX 8U-
mpamax NAnuBHO-eHepeeMmUuYHUX pecypcie 3abesne-
yumuy wWeUOKUll i HadiiHUL 3anyCcK 08USYHA | NPUCKO-
peHuil npoepis). Mu supiwunu ompumamu meniosy
eHepeilo 014 Haepigy 6xiOHo20 nogimps b6e3 dodam-
kogux eumpam. Lle ycmanoska 6eH3uH08020 08uUcyHA
3 ICKpOBUM 3ananto8aAHHAM KOMYUKU PO3ACAPIOBAHHSL
YV 6NYCKHOMY ROSIMpONpo800i, sAKuil 6yoe ompumy-
samu dfcusnenHs 6i0 axymyaamopa. Taxa mooepHiza-
yis cucmemu He nOMpeOYe 3HAYHUX 3MIH KOHCMPYK-
yii ma 3HauHux inancosux eéxkiadenv Hesupiwenu-
MU 3aTUMAIOMBCS NUMAHHS OYIHKU eqheKmueHocmi
npoyecy Hazpigy nogimps, w0 HA0Xo0ums y Kamepy
320pAHHA 08USYHA 0Nl CINBOPEHHS pOoOOUOI CyMii.
Cnio 3a3nHaqumu, wo onMuUMAIbHULL NPO2Pie 08USYHIE
Haubinbw OoyinbHo 30iticHrogamu (mobmo nidiepie
0XO00024CYI0UOL PIOUHU | MACIA 8 CUCMEME 3MAUYeHHS
08U2YHA) He 00 memnepamypu pobouozo meniogozo
pesicumy, a 00 memnepamypu, siKa 3aoesnevye oo
Haoiunui  sanyck. Pesynomamu. Ilpeocmaenena
cxema niOKAIOYeHHs1 nidiepieaua BCMOKMYB8AHO20
nogimpsi 6 GOPMOBY eNeKMpUUHY MePeNHCy AGMoMOOI-
. Ompumano pesyromamu Meniogozo OaAramucy
00Ci0HCYBAH020 OEH3UHOB020 O8USYHA (3 BUKODUC-
MAHHAM XOJIOOHO20 Md HAZPIMO20 NOSIMPAHO20 NO-
MOKYy) nio uyac tioeo HazpieanHs. BcmarnogneHo on-
MUMATbHY MeMnepamypy npoepimoz2o 08U2yHd, Npu
AKINL MOJMCIUBA NOOATbUIA eKOHOMHA eKCHIYyamayis
aemomobdina. Opuzinanwvnicms. Lleii cnipanvhuil 06i-
2pieay enepuie BUKOPUCMOBYBABCS O Nidiepigy 3a-
PAOY BNYCKHO20 NOGIMPS NIO YAC NYCKY MA NPocpisy

bensunosoco osueyna. Ilpakmuuna yinnicme. Pos-
pobrnene onantoeanbie 00NAOHAHHA MONCHA BUKOPU-
cmogysamu K 05l OeH3UHOBUX, MAK I OISl OU3ETbHUX
06ueynie eHympiunbo2o 32opanus. Hozo cnio emu-
Kamu minbKu nio 4ac 3anycky i npozpisy 0suyHa.

Kniouosi cnosa: cnipane posdicapiosanns, 6nyckHa
cucmema, NycKOoGi Xapaxmepucmuku, 4ac npocpigy
08U2yHa, BUMPAMA NATUGA.
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