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O. Kondratenko, B. Muzyka, O. Botsmanovska, N. Podolyako, E. Kapinos
(Kharkiv, UKRAINE)

TAKING INTO ACCOUNT THE EMISSION OF FUEL VAPOR AND CARTER
GASES AS POLLUTANTS IN CRITERIA-BASED ASSESSMENT OF
ECOLOGICAL SAFETY LEVEL OF VEHICLE EXPLOITATION PROCESS

National University of Civil Defence of Ukraine, 61023 Kharkiv, Chernyshevska str., 94,
e-mail: kondratenkoom2016@gmail.com

Relevance of topic of the study is conditioned by the following considerations. For
implementation of assessment of magnitudes of indicators of ecological safety (ES) level of
exploitation process of power plants (PP) with reciprocating internal combustion engines
(RICE) which not equipped, firstly, with carter venting system of carter gas (CG) suflation sy-
stem and, secondly, equipped with fuel tanks that are reusable packaging for storage of che-
mically reactable, fire and explosive dangerous and toxic fluids, its rationale to use the mathe-
matical apparatus of complex fuel-ecological criterion Ky of Professor 1.V. Parsadanov (NTU
«KhPI») which described in monograph [2] and improved in monograph [1] that developed
on the basis of provisions of the methodica [3].

In the classificator of ES factors that was built on hierarchical principle and proposed
in the study [1] there are the emission of CG as well as consumption of motor fuel as non-re-
newable resource of energy as well as the emissions of vapor of motor fuel caused by fenome-
nas of large and small reservoir breathing of fuel tank of vehicle which is attributed to non-le-
gislative normalized. However in the structure of ES factors which takes into account in origi-
nal mathematical apparatus of criterion Ky, except the full set of legislative normalized pollu-
tants in exhaust gas (EG) flow and motor fuel consumption the worded above factor does no
accounted at all as well as all other ES factors from the classicator what are the main disad-
vantage of the criterion. Taking into account such an ES factors in combination with the avail-
able ones corresponds to the concept of improvement of the mathematical apparatus of the Kg
criterion proposed in the source [2]. That is, the partial elimination of this disadvantage is pro-
posed to be carried out by extending its functionality by new ES factors, which by their physi-
cal nature are emissions of pollutants in the gaseous state.

It should be noted, that RICE as the part of PP are powerful sources of pollution of
environment by factors with different physical nature [1, 2] — it is the qualitative aspect of re-
levance of the study and they produces more than 75 % of mechanical and electrical energy in
Ukraine [2] — it is the quantitative aspect of relevance of the study. But, the results of the
analysis of the scientific and technical literature of studies about the extension of the range of
ES factors which taken into account by the mathematical apparatus of Ky criterion were not
found, that’s why carrying out of such research and analysis of its results are relevant task that
has the signs of scientific novelty, and the results of which has the practical value.

Purpose of the study. Improving of the approach for determination of magnitudes of
mass hourly emissions of motor fuel vapor caused by effects of large and small reservoir bre-
athing of fuel tank of vehicle as well as such emissions of carter gases as the pollutants for ta-
king this emission into account in complex criteria-based assessment of ES level of PP with
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RICE exploitation process.

Results of the study. Mathematical apparatus of complex fuel and ecological criteri-
on K that described by formula (1) improved in monograph [2]. It its structure (see formula
(1)) there is value of total mass hourly emission of accounting pollutants (in kg/h) (AxGy)
that is the sum of products of magnitude of mass hourly emission of k-th legislative normali-
zed pollutant Gk in RICE EG flow on magnitude of coefficient of ponderability Ay of such po-
[lutant. For solving of task of considering the CG emissions we propose to supplement the va-
lue X(Ax-Gy) of the component 4(CG)-G(CG) and to obtain its magnitudes by formula (2).

K =, -(L—B)-1000 = 3600/(H, - g, )- (L Z.(P; /(2 (P; )+ Z.(P; )))- 1000 =

= 3600 N (M, N, J/(H, ~Gfue,)-1000/(1+c- i3 (A -Gk)/Gfue,j L%, (1)
m=1

il(Ak -G, )= A(PM)-G(PM )+ A(NO, )-G(NO, ) +

=  kg/h, )
+A(C,H,,)-G(C,H,,)+ A(CO)-G(CO)+ A(CG)-G(CG)

Aos = (Aeg -G + Ay -G + Ay -G )iGs 3

_ Aom -Gpm + Anox - Gnox + Acarim * Cenrim + Aco - Geo 4

Acg = ; (4)

Gpm +Gnox T Gentim +Geo
where 4(PM) = 200; A(NOy) = 41,1; A(CaHm) = 3,16; A(CO) = 1,0 [2]: Hu = 42,7 MI/kg; o =

=1,0;f=1,0[2]; Ggg : G;? : GEIG , Ggg — mass hourly emission with carter gas (CG) flow

of EG with PM, pure air of frech charge, motor oil vapour and CD as itself, kg/h; Aair = 0;
Acil = Arel = 38,4 [1]; A(EG) = 34,3; A(CG) =25,5.

In the 1% Stage — accounting of CG emissions — of the study implemented the calcu-
lated assessment for following 4 variants. Variant A — «Reference» — with out accounting of
emission of CG, that is G(CG) = G(CG), = 0 kg/h. Variant B — «Desirable» — CG emission
corresponds to the recommended for technically serviceable diesel RICE of modern design,
that is G(CG) = G(CG)p24; - 0,05. Variant C — «Basic» — CG emission corresponds to the ty-
pical for technically serviceable diesel engine D21A, that is G(CG) = G(CG)p,,4;. Variant D
— «Extreme » — CG emission corresponds to the recommended for diesel RICE that are in ex-
treme technical state, that is G(CG) = G(CG)p2,4; - 2,0. On the Fig. 1 are illustrated the distri-
bution of magnitudes of values G(CG) and criterion Ky on regimes of standardized steady tes-
ting cycle ESC (UNECE Regulations Ne 49 [4]) for autotractor diesel engine D21A1 (in ac-
cordance with 1SO 3046-1:2002 — 2Ch10.5/12) and for all variants of the calculated study.

On Fig. 1 can be seen that taking into account the CG emission has a significant im-
pact on middle exploitation magnitudes of the criterion Ky: for Variant B up to 9 %, for Vari-
ant C up to 66.5 %, for Variant D up to 80 % in comparison with Variant A.

For solving of the task of considering of the motor fuel vapor emissions we propose
to supplement the value X(Ax-Gy) of the component A(RB)-G(RB) and to obtain its magnitu-
des by formula (5), where A(RB) = Afyer = 38,4 [1].

h
ma(Ak -G, )= A(PM )-G(PM )+ A(NO, )-G(NO, )+ ahh, ©)
+A(C,H,,)-G(C,H,,)+ A(CO)-G(CO)+ A(RB)-G(RB)
In the 2" Stage of the study — accounting of motor fuel vapor emissions — implemen-
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ted the calculated assessment for following 4 variants for obtaining of magnitudes of motor
fuel vapor mass hourly emission. A) Worst global — shut-off valve of cap of vehicle fuel tank
Is adjusted on magnitude pvave = O kPa and daily difference of temperature of atmospheric air
ATy, equals to maximal from number of observed in populated areas of the Earth i.e. ATy, =50
°C. B) Worst local — shut-off valve of cap of vehicle fuel tank is adjusted on magnitude pyawe
= 0 kPa and daily difference of temperature of atmospheric air ATz, equals to maximal from
number of observed in Kharkiv i.e. ATy, = 40 °C. C) Current global — shut-off valve of cap of
vehicle fuel tank is adjusted on magnitude pyave = 15 kPa and daily difference of temperature
of atmospheric air ATy, equals to maximal from number of observed in populated areas of the
Earth i.e. ATy, = 50 °C. D) Current local — shut-off valve of cap of vehicle fuel tank is adjus-
ted on magnitude pvave = 15 kPa and daily difference of temperature of atmospheric air ATg,
equals to maximal from number of observed in Kharkiv i.e. ATg =40 °C.
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Fig. 1. Results of the 1* Stage of the study

In the study implemented the calculated assessment for following 4 variants. Variant
A — «Reference» — without accounting of emission of motor fuel vapor. Variant B — «Large
reservoir breathing affect» — with accounting of emission of motor fuel vapor caused by large
reservoir breathing effect. Variant C — «Small reservoir breathing affect» — with accounting of
emission of motor fuel vapor caused by small reservoir breathing effect. Variant D — «Full» —
with accounting of emission of motor fuel vapor caused both by large and small reservoir bre-
athing effects.

On the Fig. 2 are illustrated the distribution of magnitudes of emission G(SB),
G(RB) and criterion Ky on regimes of standardized steady testing cycle ESC for autotractor
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diesel engine D21A1 and for all variants of the calculated study. On Fig. 2 can be seen that
taking into account the phenomenon of small reservoir breathing has little effect on middle
exploitation magnitudes of the criterion K, namely up to 0.25 %, taking into account the
phenomenon of large reservoir breathing has essential — up to 6.25 % and the total influence
are equal 6.75 %.
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Fig. 2. Results of the 2" Stage of the study

Thus, in this study was proposed and applied approaches to taking into account of

mass hourly emissions of motor fuel vapor and carter gases in criteria-based assessment of ES
level of PP with RICE exploitation process.

[1].

[2].
[3].

[4].
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