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ACCOUNTING FOR THE HARMFUL EFFECT OF CARBON DIOXIDE IN COMPREHENSIVE ASSESSMENT OF
FUEL CONSUMPTION AND EXHAUST GASES TOXICITY DIESEL ENGINES

1.V. Parsadanov, 1.V. Rykova

Over the past decades, research into combustion processes in internal combustion engines, additional processing of exhaust
gases has led to a reduction in harmful emissions (nitrogen oxide NO,, unburned hydrocarbons C,H,,, carbon monoxide CO and
particulate matter). However, personal concern among scientists and the international community is caused by the increase in
CO, carbon dioxide emissions into the environment during the operation of power plants, which contributes to the increase of the
"greenhouse effect”. In order to determine effective technical solutions for improving diesel engines with the aim of reducing fuel
consumption and emissions of harmful substances with exhaust gases, the Department of Internal Combustion Engines of the
National Technical University "Kharkiv Polytechnic Institute" proposed a dimensionless complex criterion of fuel economy and
exhaust gas toxicity, which provides information on the economic and environmental perfection of diesel engines. However, this
criterion does not take into account the environmental impact of CO, emissions. The work considers the conditions for taking
into account the harmful effects of CO, using the method of comprehensive assessment of fuel consumption and exhaust gas
toxicity. The mass emission of CO, for each mode of diesel operation is determined if the elemental composition of the fuel, its
molecular weight, heat of combustion and consumption, composition and consumption of air, as well as environmental parame-
ters are known. In order to provide an objective assessment of the effect of CO, emitted from HG diesels on humans and the
environment, it is necessary to introduce appropriate corrections that characterize its relative aggressiveness indicator. First of all,
this is a correction that takes into account the effect of CO, on various recipients, in addition to humans, and a correction that
takes into account the possibility of accumulation of the substance in the components of the environment and in food chains, as
well as its entry into the human body by non-inhalation. An objective scientific approach is necessary for the justification and
implementation of the introduction of such amendments, which takes into account all the components of determining the negative
impact of CO, on humans and the environment: the greenhouse effect, climate change both in terms of direct impact and in the
long-term perspective.
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ACCOUNTING THE EMISSIONS OF ENGINE FUEL VAPORS IN THE CRITERIA-
BASED ASSESSMENT OF THE ECOLOGICAL SAFETY LEVEL OF POWER
PLANTS WITH RECIPROCATING ICE EXPLOITATION PROCESS

This study proposed the approach and method on its basis for carrying out of the calculated assessment of the values
of the comprehensive fuel and environmental criterion of Prof. |. Parsadanov as the indicator of the ecological safety
level of the exploitation process of power plants with diesel reciprocating internal combustion engine, considering
the mass hourly emissions of engine fuel vapor caused by the phenomena of large and small breathing of reservoirs.
The purpose of the study is to develop the method for taking into account the parameters of pollutant emissions into
the environment, such as motor fuel vapors due to the phenomena of large and small breathing of the power plant
fuel tanks, as an independent factor of ecological safety. The calculated assessment according to the proposed meth-
od is carried out considering the properties of engine fuel, degree of a fuel tank filling, features of model of the en-
gine operation, daily difference of atmospheric air temperature and settings of the respiratory valve of the tank. It is
found that considering the emission of engine fuel vapors caused by the phenomenon of small breathing has almost
no effect on the level of environmental safety, but for the option of taking into account the effect of the phenomenon of
large breathing, such an effect is significant. The scientific novelty of the obtained results is that for the first time a
method for considering the emission of engine fuel vapors caused by large and small breathing of fuel tanks of recip-
rocating internal combustion engines in complex criteria-based assessment of ecological safety. The practical value
of the obtained results is that they are suitable for quantitative and qualitative assessment of the studied effects and
development on this basis of technical solutions and organizational measures to reduce or eliminate them by develop-
ing appropriate environmental protection technology with actuators on a methodological basis of environmental
safety management system, including the use of other steady standardized testing cycles as models of engine opera-
tion.

Key words: environment protection technologies; ecological safety; power plants; internal combustion engines; cri-
teria-based assessment; emission of fuel vapor; large reservoire breathing;small reservoire breathing.
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Relevance of the study and problem statement

In order to provide a complex assessment of the
values of ecological safety (ES) indicators of the ex-
ploitation process of power plants (PP) with diesel re-
ciprocating internal combustion engines (RICE) [1],
equipped with fuel tanks, which are essentially reus-
able containers (tanks) for storage of chemically active,
flammable and explosive, toxic fluids, so it is advisable
to use the mathematical apparatus of the complex fuel-
ecological criteria of Prof. I. Parsadanov Ki (NTU
«KhPIy), described in the monograph [2] and impro-
ved in the monograph [1].

In the study [1] the environmental protection
technology (EPT) from the negative antropogenic im-
pact of RICE in PP during its exploitation was develo-
ped. Such EPT is based, inter alia, on the improved hi-
erarchical classification of ES factors, the source of
which is such a technical object. In addition to emissi-
ons of legislative normalized pollutants with exhaust
gas (EG) flow, the classifier also includes consumption
of motor fuel as a non-renewable energy resource (mi-
neral source processing product), as well as emissions
of motor fuel vapors due to the manifestations of small
(SRB) and large (LRB) reservoire breathing, namely
fuel tanks of PP.

However, in the structure of ES factors taken into
account by the original mathematical apparatus of the
Kre criterion, the first of these factors is taken into ac-
count indirectly, and the second is not taken into acco-
unt at all. The developed approaches to determining the
ponderability of fuel consumption of RICE as the ES
factor were used to study the application of the Ky, cri-
terion as a separate independent ES factor in the struc-
ture of a new criterion based on the mathematical appa-
ratus of Harrington's generalized desirability function
[3]. These results were also applied to the cases of fuel
and ecological efficiency assessment of RICE conver-
sion to the consumption of motor fuels of biological
origin in [4-6], taking into account the properties of
this type of alternative fuel obtained in studies [7,8].
Taking into account this ES factor in combination with
the existing fully corresponds to the concept of impro-
ving the mathematical apparatus of the K criterion,
developed in [1], the general provisions [9-12] of
RICE and oil and fuel delivery process ecologisation,
as well as the main trends in technogenic and ecologi-
cal safety of enterprises for production, refining, stora-
ge and distribution of petroleum products [13].

It is also known that reusable containers (reservo-
irs) for chemically active, flammable and explosive,
toxic fluid, which are subject to weight and inertial me-
chanical loads that are permanent, pulsed or oscillating,
is a product of high-tech production and has a high cost
[14]. Exploitation of ground-based vehicles fuel tanks
is always accompanied by emissions of motor fuel va-

pors caused by the manifestations of SBR and LBR.
This leads, firstly, to the waste of valuable and scarce
energy resources, and secondly, to air pollution by hy-
drocarbons [15-17].

It also should be noted that RICE is a powerful
source of environmental pollution by various physical
factors, including non-renewable energy sources (mo-
tor fuel of petroleum origin) — this is a qualitative as-
pect of the relevance of topic of this study, they toge-
ther produce up to 75 % of energy (mechanical and
electrical) in our country [2] — this is a quantitative
aspect of the relevance of topic of this study.

Purpose of the study is to develop the method
for taking into account the parameters of pollutant
emissions into the environment, such as motor fuel
vapors due to the phenomena of large and small bre-
athing of of fuel tanks of the power plant, as an inde-
pendent ES factor.

Problem of the study is to determine the effects
of taking into account the emission of motor fuel va-
pors due to the phenomena of SBR and LBR of PP
with RICE fuel tanks, in a complex criteria-based as-
sessment of the ES level of exploitation of such facili-
ties on the ESC steady standardized testing cycle (ac-
cording to UNECE Regulation 49 [18, 21]) on the ba-
sis of the improved mathematical apparatus of the
complex fuel-ecological criterion. Object of the study
is the ES of the PP with RICE exploitation process, on
board of which motor fuel is stored. Subject of the
study is the contribution to the indicators of the object
of the study of motor fuel vapor emission caused by
the phenomena of LBR and SBR of fuel tanks of PP
with RICE. The study was performed on the example
of autotractor diesel engine D21A1 (2Ch10.5/12 in
accordance with 1SO 3046-1:2002 [19]). Methods of
the study. Analysis of specialized scientific and tech-
nical, normative, patent and reference literature, analy-
sis of data of bench motor tests on standardized steady
test cycles, basics of the scientific discipline «Theory
of RICE», improved mathematical apparatus of comp-
lex fuel-ecological criterion, method of least squares.

Tasks of the study are the following points.
1. Development of the method for the calculated asses-
sment of the values of the complex fuel-ecological cri-
terion with taking into account the emissions of motor
fuel vapors due to the phenomena of LRB and SRB of
PP fuel tanks with RICE. 2. Obtaining the initial data
set for the calculation study for the ESC standardized
steady testing cycle and 2Ch10.5/12 autotractor diesel
engine. 3. Calculated assessment of the values of the
complex fuel-ecological criterion taking into account
the emissions of motor fuel vapors caused by the phe-
nomena of LRB and SRB of PP with RICE fuel tanks
and analysis of its results.

Scientific novelty of the obtained results. For the
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first time the method for taking into account the emissi-
on of motor fuel vapors caused by large and small bre-
athing of fuel tanks of reciprocating internal combusti-
on engines in complex criteria-based assessment of
ecological safety.

Practical value of the obtained results. Method
based on the proposed approache for the calculated as-
sessment are suitable for quantitative and qualitative
assessment of the studied effects and development on
this basis of technical solutions and organizational me-
asures to reduce or eliminate them by developing ap-
propriate environmental protection technology with
executive bodies on a methodological basis of environ-
mental safety management system (ESMS), including
the use of other stesdy standardized testing cycles as
models of engine exploitation.

1. Method of calculated assessment of values of
complex fuel-ecological criterion with taking into
account emissions of motor fuel vapors caused by
phenomena of large and small breathing of fuel
tank of power plant

It is a well-known fact that the storage of motor
fuels, both separately and on board the PP with RICE,
is accompanied by negative effects of emissions of
motor fuel vapors into the atmospheric air by the
mechanisms of LRB and SRB [15-17].

LRB for fuel tank is a phenomenon of emission
of motor fuel vapors into the atmospheric air, which
has a volley character, which is caused by displace-
ment of gaseous fluid from the tank by dripping liquid
at its full or partial filling (refueling) through regulated
or unregulated shut-off valve.

SRB for fuel tank is a phenomenon of emission of
motor fuel vapors into the atmospheric air, which has a
volley character, which is due to cyclical changes in
temperature (daily fluctuations of air temperature and
barometric pressure) during operation of the PP with
RICE or tank, which causes alternating evaporation
and condensation of liquid motor fuel and the corres-
ponding change in the value of the pressure of its satu-
rated vapors in the tank, the lack and excess of which
is compensated by mass exchange with environment
air through the adjusted two-way valve in the shut-off
body of the tank.

In general, losses of petroleum products during
their storage in tanks are divided into the following
[14-17]: a) from leaks in leaky housings and loosely
closed shut-off bodies of tanks and their pipelines and
fittings b) from mixing different types and grades of
petroleum products in the same tank during alternating
refueling; ¢) from evaporation when expelled to atmo-
spheric air vapor-air mixture. The phenomena of LRB
and SRB are types of loss of petroleum products during
their storage in tanks by evaporation. Such losses also
include: a) from tank ventilation and ejection of fuel

vapor; b) from the saturation of air over the free sur-
face of the oil product with its vapor. Therefore, since
the phenomena of LBR and SBR are accompanied by
mass hourly emission motor fuel vapors from PP with
RICE during its exploitation, it is possible and appro-
priate to develop a methodology and implement on its
basis the calculated assessment of ES level of this pro-
cess using improved mathematical apparatus of com-
plex fuel-ecological criterion Kg.

1.1 Analysis of the criterion mathematical ap-
paratus

The value of the Ky, criterion for the i-th steady
regime of RICE operation with the value of the weight
factor WF is determined by formula (1.1) [1,2], and the
place in it of mass hourly emissions of motor fuel va-
pors caused by LRB and SRB, in this paper proposed
by formula (1.2).

Ko =(3600-Ng )/(H, -G e )x
h , %o, (1.1
foue,-103/[Gfue,+c-f.Z(Ak )| D
m=1
h
Z A, -G, )= APM)-G(PM)+
m=
+ ANO,)- (O, )+ kghh, (12)

+A(CyHp)-G(CoHm)+

+ A(CO)-G(CO)+ A(RB)-G(RB)
where N, — the RICE effective power, KW; Gy, — mass
hourly fuel consumption, kg/h; Hy, — lower heat of
combustion of motor fuel, MJ/kg; Gy — mass hourly
emission of the k-th pollutant component of EG, kg/h;
A, — dimensionless indicator of the relative aggressive-
ness of the k-th pollutant component of EG; h — total
number of legally regulated polluting components in
EG; o — dimensionless indicator of the relative risk of
pollution in different areas; f — dimensionless coeffici-
ent that takes into account the nature of EG scattering
in the atmosphere.

1.2 Method of determining the value of motor
fuel vapor emissions and taking into account this
factor of ecological safety in a complex criteria-
based assessment

As mentioned above, to implement the solution of
the scientific and technical problem, it is proposed to
introduce into the structure of formula (1.2) as a com-
ponent of formula (1.1) the component G(RB)-A(RB),
which is the product of mass hourly emissions of motor
fuel due to LRB and SRB G(RB) and dimensionless
indicator of relative aggressiveness of motor fuel vapor
A(RB).

As the value of A(RB) is proposed to use the va-
lue of the ponderability of the fuel component of the
Kt criterion, averaged over the entire field of operatio-
nal regimes of 2Ch10.5/12autotractor diesel engine,

42 ISSN 0419-8719

ABUTr'YHU BHYTPILLUHbOIO 3OPSIHHS 1'2022



Exonoeizauis [JB3

defined in previous studies by equating expressions for
partial derivatives of K¢ by Gy and Gy. Then we take
A(RB) = Aqe = 38.4. Then the diagram of the share
contribution of the ponderability of emission of motor
fuel vapors has the form shown in Fig. 1.
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Fig. 1. Share contribution of A(RB) to the structure of
the ponderability of ES factors in the mathematical
apparatus of the K, criterion without taking into ac-

count the ponderability of fuel consumption (a)
and with taking it into account (b)

The value of the emission G(RB) is proposed to
be defined as the sum of the emission at LRB G(SB)
and the emission at SRB G(IB) of the tank by formula
(1.3). The mass hourly emission G(SB) is determined
by formula (1.4).

G(RB) = G(SB) + G(IB), kg’h,  (1.3)
G(SB) = M(SB) / 1sg , kg/h, (1.4)
where M(SB) — mass of volley emissions of motor fuel
vapor, kg; tsg — time between volleys of emissions, h.

The method based on the following assumptions
has been developed to determine the G(SB) emission
values: a) the PP fuel tank equipped with the studied
RICE is refueled with a new portion only after full
consumption of motor fuel; b) the volume of the porti-
on of fuel when refueling the fuel tank corresponds to
its full volume; c) the regime of operation of the PP
with RICE is variable, the duration of the shift is 8 ho-
urs without a break, for the day the PP operates 1 (8
hours), 1.5 (12 hours), 2 (16 hours) or 3 (24 hours) shi-
fts; d) the model of exploitation of such PP is ESC ste-
ady standardized testing cycle, containing 13 steady-
state regimes of operation; e) during the operation of
the PP there are no significant fluctuations in tempera-
ture and humidity, barometric pressure and other mete-
orological parameters; e) when emptying the fuel tank
and filling it with a new portion of motor fuel, its va-
pors does not mix with atmospheric air, i.e. the emissi-
on consists exclusively of fuel vapor and does not con-
tain air; g) the velocity of the fluid in the processes of
both emptying and filling the fuel tank is negligible.

The fuel tank of the T-25 tractor equipped with a
2Ch10.5/12 diesel engine can contain up to 45 liters of
liquid fuel [9,22]. Taking into account the following
accepted assumptions, we will be impressed that at full
refueling of the fuel tank of such PP the volume of
motor fuel vapors V(SB) is equal to the volume of the
fuel tank, i.e. V(SB) = 4,5:102 m®. In this case, taking
into account that the molar mass of diesel fuel grade
«3» per = 172.3 g/mol [23], and the process itself ta-
kes place at a pressure equal to normal atmospheric
magnitude p, = 101325 Pa, and the atmospheric air
temperature t; = 300 K (27 °C), the mass of the volley
emission M(SB) of fuel vapor will be 0.314 kg at the
vapor density of fuel in the tank p = 6.978 kg/m®.

The duration of the period of time between vol-
leys of fuel vapor emission tsg can be determined by
the regime values of the time of consumption of the
entire fuel tank of the PP with RICE 1y, parameters of
the DPA operation model and data on the EU operation
mode equipped with this SEA. The value of the durati-
on of the period t« for a single RICE steady regime of
operation is determined by formula (1.5).

Tt = Miger / Green, N, (1.5)
where Mg — mass of fuel in a fully filled PP fuel tank,
kg; Gre — RICE mass hourly fuel consumption, kg/h.

The value of mass Mg is 38.25 kg at a density of
liquid motor fuel pfe = 850 kg/m3 under normal condi-
tions [17]. The distribution of the values of the value of
1 in the field of operating regimes of the 2Ch10.5/12
diesel engine is shown in Fig. 2,a. It shows that the
average value of 1y in this field is 23.019 hours. Then
the amount of emission G(SB) is determined by formu-
la (1.6).

G(SB) = M(SB) / i = Gyyel - M(SB) / Mie1 =

= Gyl - 8.209:10°2, kg/h. (1.6)

The consumption time per unit mass (1 kg) of di-
esel fuel by the 2Ch10.5/12 diesel engine T3 is determi-
ned by formula (1.7).

11 = 1/ Gper, . (1.7)

The distribution of values of time 14, in the field
of operating regimes of the 2Ch10.5/12 diesel engine is
shown in Fig. 2,b. This figure shows that the average
value of 17, in this field is 0.602 hours.

The distribution of emission values G(SB) and
G(IB) on the field of of operating regimes of the diesel
engine 2Ch10.5/12 is shown in Fig. 2,c and Fig. 2,d. It
shows that the average value of G(SB) in this field is
0.018 kg/h and such value of G(SB) is 0.0011 kg/h.

Graph of the dependence of the total average (on
the field of operating regimes), maximum (nominal ef-
fective power regime) and minimum (minimum idling
regime) mass emission of fuel vapors on the LRB me-
chanism for 1 working day the source of which is the
PP with the 2Ch10.5/12 diesel engine, Mx(SB) from
the duration of the working shift Ty is shown in Fig. 3.
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Fig. 3. Graph of the dependence of the total daily mass
emission Mx(SB) on the duration of the working shift
7w of PP with 2Ch10.5/12 diesel engine

To determine the values of the mass hourly emis-
sion of motor fuel vapor emitted by the phenomenon of
SRB, G(IB), the following method is proposed accor-
ding to which the emission value of G(IB) will be de-
termined by formula (1.8).

G(IB) = M(IB) / 11, kg/h, (1.8)
where M(IB) — mass of volley emissions of motor fuel,
kg; g — duration of the period of time between volleys
of emissions, h.

Given that the main driving force of the emission
of motor fuel vapors in the SRB phenomena in the PP
is the daily air temperature difference Aty, and the
emission leads to its increase, which occurs once a day,
then the time 1,5 Will be 1 day, i.e. 24 hours.

The mass of fuel vapor emission M(IB) is defined
as the sum of two values, one of which is due to the
increase in saturated vapor pressure of motor fuel
M(IB), and the second is due to increase in gaseous
pressure in the isochoric process when heated M(IB),
i.e. by formula (1.9).

M(1B) = M{(1B) + M(IB), kg. (1.9

According to the official information server of the
Kharkiv Regional Center for Hydrometeorology [24]
and the independent Internet resource Meteopost [25],
the largest diurnal temperature differences on the pla-
net are areas with a sharply continental climate, inclu-
ding deserts. In summer, the air temperature in the Sa-
hara desert reaches 50 °C during the day (and solids up
to 70 °C under direct sunlight), and drops to 0 °C at
night. For the city of Kharkiv, according to the source
[25] for 2018, the following data were obtained (see
Fig. 4): the highest average monthly temperature du-
ring the day is observed in August (+29.9 °C), the lo-
west — in February (-2.6 °C); the highest average mon-
thly temperature at night is observed in July (+17.7
°C), the lowest — in February (7.0 °C); the average an-
nual value of the average monthly temperature during
the day is +13.4 °C, and at night — +4.7 °C; the average
daily temperature difference during the year ranges
from +2.3 °C (December) to +14.0 °C (August), and its
average annual value is +8.6 °C. Thus, the daily diffe-
rence in air temperature in Kharkiv during the year do-
es not exceed 15 °C, and on some days it reaches extre-
me values of 0 °C and 20 °C.
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Fig. 4. Distribution of values of average monthly air
temperature and daily temperature difference
in Kharkiv for 2018 by months of the year

The value of the mass of vapor emission M(IB) is
proposed to be obtained from the analysis of the equa-
tion of state of an ideal gas (formula (1.10)), namely
from formula (1.11).

M;(IB) = omy(IB) / Ops, - Apn, Kg, (1.10)
Mi(IB) = et - Prv * Vi / (R - Tr), kg, (1.11)
om(IB) / Opsy = pruer - Vi / (R~ Tgy) =

=0,0207 - Vi, / Ty, kg/Pa, (1.12)
Aps = Po + P, Pa, (1.13)
P, = eXp(((Ty — 273) — 2,5) / 53,439), Pa, (1.14)
where pge = 172.3 g/mol [23] — molar mass of fuel va-
por; pn — fuel vapor pressure in the fuel tank, Pa; Vi, —
volume of fuel vapor in the fuel tank, m® R = 8,314
J/(mol'K) — universal gas constant; Ty — fuel vapor
temperature in the fuel tank, K; pg = 101325 Pa — baro-
metric pressure; pn, = f(Tr) is the saturated vapor pres-

sure of the fuel at a given temperature (see [26]), Pa.

The following parameters of influencing factors
were considered in this study: a) T, = 0...50 °C, i.e.
ATy =[5, 15, 50] °C; b) Vg, = [1/4, 1/2, 3/4]-Vg, Vg, =
45 1 — volume of the fuel tank, i.e. Vy, = [11.25, 22.5,
33.75] I; c) the basic values of the influencing factors
are: AT, =15°C, Vi, = 1/2-Vg =225

The dependence pn, = f(Ty) for diesel fuel is con-
tained in Fig. 5. The dependence of the values of the
mass of diesel fuel vapor in the fuel tank of PP on the
degree of filling the tank with liquid fuel for the initial
conditions is illustrated in Fig. 6. Graphs of the depen-
dence of the values of the mass gain and mass of vapor
of diesel fuel in the fuel tank on its temperature for dif-
ferent degrees of filling the tank with liquid fuel are
shown in Fig. 7. In Fig. 7 shows that such dependences
are almost linear and significantly different for diffe-
rent degrees of filling the tank with fuel.

The increase in the pressure of the gaseous fluid
in the fuel tank of PP, due to the heating of the fuel va-
por is determined by formula (1.15).

Prv = M(IB) - R - Ty / (Mser - Vi) =
= 48,253 - m(IB) - Ty, / Vs, Pa. (1.15)
In Fig. 8 is a graph of the dependence of the va-
lues of the diesel fuel vapor pressure in the PP fuel

tank on the degree of filling the tank with liquid fuel
for the initial conditions Fig. 8 shows that these depen-

dences are almost linear.

250: | Diesel fuel| - —
phn, Pa —
1500 — =
1000 —T
500
0

0 5 10 15 20 25 30 35 40 t~n,°C 50

Fig. 5. Graph of dependence of saturated vapor pres-
sure of diesel fuel on its temperature
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Fig. 6. Graph of dependence of values of mass of diesel
fuel vapors in the fuel tank of PP on the degree of fill-
ing tank with liquid fuel for the initial conditions
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Fig. 7. Graphs of dependence of values of mass and
gaine of mass of vapors of diesel fuel in the fuel tank of
PP on its temperature for various degrees of filling of
a tank with liquid fuel
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Fig. 8. Graphs of dependence of the values of the pres-
sure gain and vapor pressure of diesel fuel in the PP
fuel tank on its temperature for different degrees of
filling the tank with liquid fuel

The value of the excess pressure of the gaseous
fluid in the PP fuel tank, which is set to the shut-off va-
Ive for the tractor T-25 pyane is 15 kPa and vacuum -5
kPa [20,22]. Fig. 8 shows that the value of excess va-
por pressure of motor fuel, taking into account its
evaporation almost does not depend on the degree of
filling the PP fuel tank, so further calculations used the
values of the studied values for the case of filling the
tank with liquid fuel by half, i.e. Vi, = 22.5 liters.

Also in Fig. 8 shows that the value of the excess
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vapor pressure of motor fuel in the tank in a certain
temperature range does not exceed the value of pyae.
The temperature at which the values of py, and pyae are
equalized and the shut-off valve of the fuel tank is ope-
ned, tyewe is determined by formula (1.22) based on for-
mulas (1.16)—(1.21) and is 35 °C (308 K) [26].

Vi(To)=Vi(Th )=
my(To)-R-Ty  my,(Ty}-R-Ty, , m2 (1.16)
Bret - Prv(To) T pfv(va)
my, (To)= (H fuel Vv pfvm(TO))/(R'TO)l kg, (1.17)
M (Mo )= e Vv - P (T )I(R-To), kg, (1.18)
P (To)=Paun(To)=Po + P, (To ). Pa, (1.19)

P T )= Po+ P (Tr ), Pa, (1.20)
Vv T v T v
pr(TfV): pr(TO)-M__f:
mfv(To) TO Pa (121)
(ot Pl ) 2
0" Fun\! fv T,
(T -273)-25

D, (Te )= exp[ 53039 J-103, Pa, (1.22)
where pge = 172.3 g/mol; po = 101325 Pa; Ty, = 273 K;
R = 8.314 J/(molK); Vg = 22.5:10° v*; p,.(To) = 954
Pa; then pn(To) = 102279 Pa; mg(7,) = 0,175 kg;
Pun(Tr = 313 K) = 2017 Pa; pn(Tr, = 313 K) = 103342
Pa; p.(Tn = 323 K) = 2432 Pa; pu(Tn = 323 K) =
= 103757 Pa.

Thus, after transformations and substitutions, and
also provided that pn(Tn) = Po + Pueives AN Prane =
= 15000 Pa, it was obtained the formula (1.23), using
which the method of successive approximations obtai-
ned the dependence of the temperature t, on the
pressure pyae, presented in Fig. 9 and described by the
least squares method by polynomial function — see for-
mula (1.24) (R* = 1.0).

Puae = (Po +exp((Ty, —275,5)/53,439)-10° )

, Pa,(1.23)
xTr /To = Po

tiene =—7,0-107°- p? +2609-p —2,7,°C(1.24)
tva5l|?e, I L

o I

30

20

10 :

0 |
0 5 10 15 P valve, kPa 25

Fig. 9. Graph of dependency of the values of opening
temperature of the shut-off valve of the fuel tank cover
tvene ON the vapor pressure of the motor fuel pyaye to
which the valve is set

It should also be noted that both formula (1.23)
and formula (1.24) do not include the value of the vo-
lume Vy, which explains the nature of the graphs in
Fig. 8 and, in turn, is explained by the fact that in the
equation of state of an ideal gas solved with respect to
pressure, the mass of gas my, fully corresponds to its
volume Vy, and these values are in the numerator and
denominator, respectively, and the gas is saturated va-
por, that is, there is a thermodynamic similarity.

2 Results of assessment of the criterion with
taking into account motor fuel vapor emissions and
their analysis

Variants for calculated study

The study will consider the following variants of
G(IB) emission values: Variant A — «Worst Global» —
the valve is set to pyave = O kPa, daily air temperature
difference ATy, is the maximum observed in populated
areas of the Earth, i.e. in the desert ATy = 50 °C. Vari-
ant B — «Worst local» — the valve is set t0 pyawe = 0
kPa, the daily difference in air temperature ATy, is the
maximum observed in Kharkov ATy, = 40 °C. Variant
C — «Actual global» — the valve is set t0 pyave = 15 kPa,
the daily air temperature difference ATy, is 50 °C. Vari-
ant B — «Actual local» — the valve is set to pyave = 15
kPa, ATy, =40 °C.

Given that, in contrast to the value of the motor
fuel vapor pressure in the fuel tank pg, which does not
depend on the degree of filling the tank with motor fu-
el, but only on the temperature Ty, the value of mass of
vapors of motor fuel in the tank my, depends on the vo-
lume Vy, similarly to the value of emission G(IB).

In this study, it is assumed that the operation of
the PP, equipped with the 2Ch10.5/12 diesel engine,
with the already studied degrees of filling the fuel tank
— 1/4, 2/4 and 3/4 — is equally likely, and therefore
when obtaining the value of emission G(IB) uses the
arithmetic mean of the mass my,. The value of the mass
my, is obtained by the equation of state of an ideal gas
as the difference for the initial and final state of a ther-
modynamic system. When obtaining the value of the
duration of period of time between emissions, we will
assume that the heating cycle of motor fuel in the tank
is 1 day, i.e. tjg = 24 hours.

The results of the calculation study

Fig. 10 illustrates graphs of the dependence of the
values of the mass of motor fuel vapor in the fuel tank
my, on the degree of filling of the tank Vy, for different
values of vapor temperature. Fig. 11 shows the value of
the mass of volley emissions of motor fuel for one of
its cycles Amys for all variants of the calculation study.
Fig. 12 illustrates the value of volley mass hourly emi-
ssion of motor fuel vapors for one of its cycle G(IB)
for all variants of the calculated study.

The calculation study considered the following
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variants for the composition of the set of ES factors,
taken into account by the mathematical apparatus of
the complex fuel-ecological criterion. Variant A — «Re-
ference» — without taking into account the emission of
motor fuel vapors coused by both LRB and SRB phe-
nomena. Variant B — «Large» — with taking into acco-
unt the emission of motor fuel vapors coused by LRB
phenomena. Variant C — «Small» — with taking into ac-
count the emission of motor fuel vapors coused by
SRB phenomena. Variant D — «Full» — with taking into
account the emission of motor fuel vapors coused by
both LRB and SRB phenomena.

_ [=0=Tv=0°C
03 =o=Tfv=35°C
b3 T ==Thv=40°C "o
—| =o=Tfv=50°C B -
mfv, | o™ ]
kg
01 g/
0
0 5 10 15 20 25 30 35 y,,| 45

Fig. 10. Graphs of the dependence of the values
of the mass of motor fuel vapor in the fuel tank my, on
the degree of filling of the tank Vy, for different values
of vapor temperature
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Fig. 11. Value of the mass of volley emissions
of motor fuel for one of its cycles Amy,s for all variants
of the calculation study
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Fig. 12. Value of volley mass hourly emission of motor
fuel vapors for one of its cycle G(IB) for all variants of
the calculated study

Fig. 13 contains the distribution of the values of
the mass hourly emission of motor fuel vapors coused
by both LRB and SRB phenomena according to the re-
gimes of the ESC testing cycle for 2Ch10.5/12 auto-
tractor diesel engine. In Fig. 14 summarizes the distri-
bution of the values of the K criterion by regimes of

the the ESC testing cycle for 2Ch10.5/12 autotractor
diesel engine. In Fig. 15 shows the distribution of the
values of the effect of 8Ky, on the regimes of the ESC
testing cycle for 2Ch10.5/12 autotractor diesel engine.
Fig. 16 shows the distribution of the average operating
values of the Kj criterion and the effect of 8K for
2Ch10.5/12 autotractor diesel engine and all studied
variants.

Fig. 13 shows that the individual regime values of
the amount of motor fuel vapor emission from the tank
is observed at the minimum idling regime (n, = 800
rpm, M = 0.6 N-m), and the maximum — at the nominal
power regime (ni = 1800 rpm, M = 95 N'm). Fig. 14
and Fig. 15 show that taking into account the emission
of motor fuel vapors caused by the SRB phenomenon
have almost no effect on the individual regime values
of the Ky criterion according to the ESC cycle for the
2Ch10.5/12 diesel engine, but this effect is significant
for the case of taking into account emission of motor
fuel vapors caused by the LRB phenomenon.

40 -

[ ]
= Iel{l:}
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% 0

G(RB),1

G(se), | Ml [ |
S = ﬂ ﬂﬂ i ﬂ ﬂ
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Fig. 13. Distribution of the values of the mass hourly

emission of motor fuel vapors coused by both LRB and

SRB phenomena according to the regimes of the ESC
testing cycle for 2Ch10.5/12 diesel engine
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Fig. 14. Distribution of the values of the Ky, criterion
by regimes of the the ESC testing cycle for 2Ch10.5/12
diesel engine

2

1 TR % g

s HHHH |

.5 4 H gn i g

-7 4 g 5 :

5K re, HH: : - OB

% T—1 1ac
T - i@p
-15

Fig. 15. Distribution of the values of the effect of 0K,
on the regimes of the ESC testing cycle for 2Ch10.5/12
diesel engine
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Fig. 16. Distribution of the average operating values of
the Ky criterion and the effect of K¢ for 2Ch10.5/12
autotractor diesel engine and all studied variants

Fig. 16 shows that the average operational values
of the K¢, crierion for the first variant differ to a lesser
extent by the value of 8Ky up to 0.25 %, and for the
second — up to 5.25 %.

Conclusions

Thus, based on the analysis of the results of the
study described in this paper, the following conclusi-
ons can be drawn.

1. The method of calculated assessment of values
of the complex fuel-ecological criterion of Prof. I. Par-
sadanov with taking into account the mass hourly
emissions of motor fuel vapor caused by the phenome-
na of large and small breathing of reservoirs. The es-
sence of the proposed approach is to obtain the values
of the ponderability of such a pollutant as the average
of the field operating regimes of the diesel engine va-
lue of the ponderability of the fuel component of the
complex fuel-ecological criterion Age = 38.4; obtai-
ning values of mass hourly emission of motor fuel va-
por depending on the difference in daily air temperatu-
re, the degree of filling the tank with liquid fuel and the
dynamics of its consumption by the engine and adjust-
ing the spring of the two-way safety valve of the tank
cap.

2. The set of initial data for the implementation of
the calculation study for the ESC standardized steady
testing cycle based on the analysis of the data of bench
motor tests of 2Ch10.5/12 diesel engine. It was deter-
mined that the value of the mass hourly emission of
motor fuel vapor caused by the SRB phenomenon un-
der the assumptions does not depend on the settings of
the safety valve of the tank cap, and the value of excess
pressure in the tank does not depend on the degree of
filling it by liquid fuel.

3. Calculated assessment of the values of the
complex fuel-ecological criterion is carried out with
taking into account the emissions of motor fuel vapors
caused by the phenomena of LRB and SRB from fuel
tank of the EU with RICE. It was determined that the
individual regime value of the amount of motor fuel
vapor emission from the tank is observed in the regime
of minimal idling, and the maximum — in the regime of
nominal power. It was also found that the average ope-

rational values of the Kg, criterion for the ESC cycle for
2Ch10.5/12diesel engine with taking into account the
emission of motor fuel vapors caused by the SRB phe-
nomenon has almost no effect (up to 0.25 %), but for
the case of taking into account the effect of taking into
account the emission of motor fuel vapors caused by
the SRB phenomenon the impact is significant (up to
5.25 %). ldentified dependences are described by for-
mulas by the method of least squares.
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BPAXYBAHHS BUKHAY ITAPIB MOTOPHOI'O ITAJIMBA TTPU KPUTEPIAJIBHOMY OHIHIOBAHHI PIBHS
EKOJIOTTYHOI BE3IEKH EKCIIIYATAIIi EHEPTOYCTAHOBOK 3 IIOPIIHEBUM JIB3

O. M. Konopamenxo , B. A. Anoponos, T. P. Iloniwyk , H. /. Kacvonkina, B. A. Kpacnoe

V 1poMy JOCHTIIDKEHHI 3aIPOIIOHOBAHO IMiIXIM IS 3/1iHCHEHHs PO3PaxyHKOBOT'O OIIHIOBaHHs 3HAY€Hb KOMITJIEKCHOTO Ia-
JIMBHO-EKOJIOTTYHOTO KpuTepito npod. 1.B. [TapcananoBa sik moka3HHMKa piBHs €KOJOTIYHOI Oe3MeKn Npolecy eKcITyaranii eHep-
TOYCTaHOBOK 3 IM3EJbHUM JBHUTYHOM 3 ypaxyBaHHSM MAacOBHX FOJAMHHHMX BHKUJIB MTapH MOTOPHOTO MAJIMBA, CIIPUYMHEHHX SBH-
[IaMH BEJIMKOTO Ta MAJIOTO JAWXaHHS pe3epByapiB. MeTor OCHiIKEeHHS € po3poOKa crocoly A BpaxyBaHHS NapaMeTpiB BU-
KUy B HABKOJIMILIHE MIPUPOIHE CEPEJOBHILE TAKOTO MOJTIOTAHTA, SIK ITAPiB MOTOPHOT'O IMAJIMBA, 3yMOBJICHOTO SBHIIAMHU BETMKOTO
Ta MaJoro AWXaHHS MaIUBHUX OaKiB €HEProyCTaHOBKH, K CAMOCTIHHOTO YMHHHKA €KOJOTIYHOI Oe3MeKH MPH KOMIUIEKCHOMY
KpHUTEpiaTbHOMY OLIHIOBAHHI PiBHS €KOJIOTIYHOI Oe3MeKH MpoIlecy eKCIUIyaTamii TaKHMX TEeXHIYHUX 00’ €kTiB. 3aificHeHO po3pa-
XYHKOBE OIIIHIOBAHHS 3TiHO JI0 3aIIPONOHOBAHOI METOJUKHU 3 YpaxyBaHHSAM BJIACTHBOCTEH MOTOPHOTO MajMBa, CTYICHS 3alloB-
HEHHSI MTaJMBHOTO 0aKy, 0cOOIMBOCTEH MOJIeNi eKCITyaranii IBUryHa, J000BOro mepemnany TeMIepaTyps aTMoC(epHOro MoBiTps
Ta HaJALITYyBaHb JMXalbHOTO KJalaHa pe3epByapa, Ta BCTAHOBJICHO, 1110 BpaxyBaHHs BUKHY MapiB MOTOPHOTO MajKBa, CIIPUYH-
HEHOTO SIBUILEM Majoro IHMXaHHs, Maike He YMHHUTH BIUIMBY Ha IMOKA3HUKH PIiBHS €KOJOTIYHOI OE3MeKH, MpoTe Ui BapiaHTy
BpaxyBaHHs e(eKTy BiJ SBUILA BEJIUKOTO JUXaHHS TAKUH BIIMB € CyTTeBUM. HaykoBa HOBH3HA OTPHMAHHX PE3YJbTATIB MOJISTae
y TOMY, 11O BIIEPIIE 3aIIPOIIOHOBAHO CIIOCIO I BpaXyBaHHS BHUKHAY MapiB MOTOPHOTO MaJKBa, CIIPUYHHEHOTO SBHIIAMHU BENH-
KOO Ta MaJoro JMXaHHS MaJMBHUX 0akKiB €HEProyCTaHOBOK 3 MOPIIHEBUM JBHI'YHOM BHYTPIIIHBOTO 3TOPSHHS IPH KOMILUIEKC-
HOMY KpHUTEpiaJbHOMY OIIiHIOBaHHI IMOKAa3HHKIB PiBHS €KOJIOTIYHOI Oe3MeKu mporecy iX ekcruryaramii. [IpakTuyHa 3HAUUMICTh
OTPUMAaHHX PEe3yJIbTATiB MOJATa€E y TOMY, IO OTPUMaHI pe3yJIbTaTH NPHUAATHI Ul HaJaHHs KiTbKICHOT 1 SIKICHOT OL[IHKH JIOCITi-
JOKYyBaHHMX e()eKTiB Ta pO3pOOKH Ha Ilili OCHOBI TEXHIYHHUX PillleHb i OpraHi3auifHuX 3aXO0iB MIOJ0 X 3MEHIICHHS YH 3BEICHHS
HaHIBelb IUISIXOM PO3POOKHU BiIOBITHOT TEXHOJIOTIT 3aXUCTy HABKOJIUIIIHEOTO CEPEIOBHUINA 3 BUKOHABUUMHU OPraHaAMHU Ha METO-
JIOJIOTi4HIH OCHOBI CHCTEMHM YIPABIIiHHS €KOJIOTTYHOI0 OE3MEKO0I0, Y TOMY YHCII i IIPU 3aCTOCYBAHHI IHIINX CTAIl[lOHAPHUX CTaH-
JIApPTH30BaHHUX BUIPOOYBAJIbHUX LUKIIIB K MOJEJIEH eKcIuTyaTalii ABUTYHiB.

Kiro4oBi cjioBa: TEXHOJIOTIT 3aXHCTY HAaBKOJMIIHBOTO CEPENIOBHINA; EKOJIOTiYHA Oe3leKa; eHeproyCTaHOBKH; JBHI'YHH
BHYTPIIIHBOTO 3TOPSIHHS; KpUTepiaNbHe OLIHIOBAHHS, BUKH/ IIapiB MAJIMBa; BEIMKe JUXAHHS pe3epByapy; Maje AUXaHHS pe3ep-

Byapy.
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