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O. M. Kondratenko, V. Yu. Koloskov, Yu. F. Derkach, S. A. Kovalenko 

CRITERIA-BASED ASSESSMENT OF FUEL AND ECOLOGICAL EFFICIENCY OF 

EXPLOITATION PROCESS OF RECIPROCATING ICE OF POWER PLANTS 

 CONSIDERING OF EMISSION OF SULFUR OXIDES 

In this study the calculation method and mathematical apparatus for assessment of the complex fuel and ecological 

criterion of Prof. Igor Parsadanov has been improved by considering the mass hourly emissions of sulfur oxides with 

the exhaust gases flow from the reciprocating ICE as a toxic pollutant. The purpose of the study is obtaining the valu-

es of complex fuel-ecological criterion that characterize the ecological safety level of diesel engine exploitation pro-

cess considering the emissions of sulfur oxides as a toxic pollutant. The European Steady Cycle (according to 

UENCE Regulations № 49) was used as the exploitation model. A set of initial data has been obtained for the calcu-

lated criteria-based assessment of the ecological safety level of the exploitation process of power plants with a recip-

rocating ICE on the example of the autotractor diesel engine 2Ch10.5/12 based on the results of data processing of 

bench motor tests. The calculated assessment of specified criterion values considering sulfur oxides emissions was 

carried out. It has been detected that the value of the fuel-ecological criterion for the basic variant of considering the 

emissions of sulfur oxides, i.e. considering the values of sulfur content in motor fuels and oils and burning oil con-

sumption, typical for diesel 2Ch10.5/12, differs for the variant that does not take into account this ecological safety 

factor, on average by 6.6 %. For the option that takes into account the modern requirements for the sulfur content in 

technical fluids and the technical level of modern reciprocating ICE, this difference is 0.5 %. The identified depen-

dences are described by formulas by the method of least squares. The scientific novelty of the obtained results is that 

the approach of Prof. Igor Parsadanov received further development for criteria-based assessment of fuel-ecological 

efficiency of autotractor diesel engines exploitation process as a part of power plant considering the mass hourly 

emissions of fulfur oxides with RICE EG flow as the toxic pollutants and also methods for determination of such emi-

ssions and ponderability of such pollutants in direction of application of this mathematical apparatus for standardi-

zed steady testing cycles. 

Key words: environment protection technologies; ecological safety; power plants; internal combustion engines; sul-

fur oxides emission; criteria-based assessment, pollutants. 

 

Relevance of the study and problem statement 

From results of analysis of scientific-technical, 

reference, normative and patent literature it is well 

known that the actual ecological status of all compo-

nents of environmental – atomospheric, hydro- and li-

thosphere – both globally scale and on the scale of a 

single anthropogenically loaded and urbanized territo-

ry, causes considerable concern and has a clear tenden-

cy to deteriorate. This situation is caused by the gradu-

al evolutionary development of civilization, which ac-

celerated over the 20th century and was accompanied 

by a steady increase in the level of scientific and tech-

nological progress and the rapid development of indus-

trial production [1 – 3]. 

This tendency is mainly due to the expansion of 

the range of countries and regions of the world, where 

new types of production are being developed, innovati-

ve technologies (including the so-called «nano») are 

being introduced, new raw material deposits are being 

developed, environmental standards are being develo-

ped and implemented. This naturally leads to a corres-

ponding increase in the volume of production, and the-

refore the scale of environmental pollution by harmful 

substances and waste, as well as the progressive deple-

tion of non-renewable natural resources. The intense 

component of such an impact is largely determined by 

the overall increase in the population living standard of 

the and the inextricably linked increase in the demand 

for industrial products, including consumer goods, fo-

od, infotainment and so on [2, 3]. 

For implementation of complex assessment of the 

values of indicators of ecological safety (ES) level of 

the exploitation process of power plants (PP) with reci-

procating internal combustion engines (RICE), namely 

vehicles, which are powerful sources of negative influ-

ence on the environment [1 – 3], it is rational to use the 

mathematical apparatus of complex fuel-ecological cri-

terion of Prof. Igor Parsadanov Kfe (NTU «KhPI») that 

was described in the monograph [4] and improved in 

the monograph [1] and developed on the basis of met-

hod [5]. 

Emission of legislative normalized pollutants in 

RICE exhaust gas (EG) flow is ES factor that must be 

reduced and for that special devices are used for purifi-

cation of EG flow and other organizational and techni-

cal measures [6]. It is also well known that processes 

of thermal utilization of solid domestic wastes are also 

powerfull sources of emissions of pollutants into atmo-

sphere [7, 8] as well as processes of combustion of py-

rotechnics [9] and forrest fiers [10] that are detects by 

special measuring instruments [11, 12].   

It is known that RICE operational process produ-

ces significant mass hourly emissions of sulphur dioxi-

de SO2 as the toxic pollutant [1, 4, 6, 13]. Taking into 

account that significant part of EG flow are the pro-

ducts of completed combustion of motor fuel, namely 

СО2 and Н2О, and also that the separate RICE is not a 

powerful source of SO2 emission but their role and part 

 O. M. Kondratenko, V. Yu. Koloskov, Yu. F. Derkach, S. A. Kovalenko, 2020 
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in world energy balance (about 70 % [4]) it is possible 

to conclude that considering such emissions in comp-

lex calculated assessment of values of ES level indica-

tors of PP with RICE exploitation process is a scienti-

fic and technical problem the relevance of which has 

no doubt [2, 3].  

It should be noted that the results obtained could 

be the basis for the implementation of state regulation 

in the field of ES ensuring, as, for example, in the field 

of advertising [13] and other economic aspects of com-

plex criteria-based assessment [14]. 

According to the results of analysis of the mathe-

matical apparatus of the complex fuel-ecological crite-

rion of Prof. Іgor Parsadanov Kfe in the monograph [1] 

found that its main drawback is the inability to cosider 

a wider range of ES factors, different in physical nature 

from emissions of pollutants in the gaseous state. Such 

studies are appropriate when assessing the ES level of 

PP with RICE exploitation process [1]. 

In the same study, the concept of improving the 

mathematical apparatus of the criterion Kfe, the original 

mathematical apparatus of which is described in the 

monograph [4], one of its main points is the partial ov-

ercoming of this drawback by introducing into the ma-

thematical apparatus the criterion of new ES factors 

which are emissions of pollutants that are in the gase-

ous state. 

Thus, in addition to the concept of an improved 

classification of ES factors the source of which is 

RICE in the PP, in addition to legislative normalized 

directly gaseous and aerosol pollutants in the EG flow, 

there are also legislative normalized indirectly, in par-

ticular sulfur oxides SOx. As will be shown later in the 

paper, such ES factors can in principle be introduced 

into the structure of the Kfe criterion. 

However, according to the analysis of scientific 

and technical literature of research on expanding the 

range of ES factors taken into account by the mathema-

tical apparatus of the Kfe criterion, not found, and the-

refore the implementation of such research and analy-

sis of its results is an urgent scientific and technical 

task, which has signs of scientific novelty and is of 

practical value. 

Purpose of the study. Obtaining the values of 

complex fuel-ecological criterion of Prof. Іgor Parsada-

nov that characterizes the ES level of PP with diesel 

engine exploitation process considering the emissions 

of sulphur oxides as a toxic pollutant. Problem of the 

study. Obtaining the distribution of values of complex 

fuel-ecological criterion for autotractor diesel engine 

2Ch10.5/12 [15] on the standatdized steady testing cy-

cle ESC (UENCE Regulations № 49 [16]) considering 

the emissions of sulphur oxides as a toxic pollutant. 

Object of the study. Ecological safety of diesel engine 

exploitation process the exploitation model of which 

corresponds to testing cycle ESC. Subject of the stu-

dy. Influence of sulphur oxides emissions as a toxic 

pollutant on qualitative and quantitative aspects of ob-

ject of the study. Methods of the study. Analysis of 

specialized scientific and technical, reference and nor-

mative literature, analysis of results of bench motor 

tests, basics of scientific discipline «Theory of RICE», 

«Theory of ESMS», «Environment protection techno-

logies», improved mathematical apparatus of complex 

fuel and ecological criterion, improved mathematical 

apparatus of complex fuel-ecological criterion, method 

of least squares. 

Tasks of the study 

1. Analysis of features of complex fuel and ecolo-

gical criterion and standatdized steady testing cycle 

ESC. 

2. Obtaining of initial data set for the calculated 

assessment for standatdized steady testing cycle ESC 

and diesel engine 2Ch10.5/12. 

3. Improvement of methods for assessing of the 

values of mass hourly emissions of sulphur oxides with 

RICE EG flow and potenderability of such ES factor as 

a toxic pollutant. 

4. Calculated assessment of the values of complex 

fuel-ecological criterion for standatdized steady testing 

cycle ESC and analysis of its results. 

Scientific novelty of the obtained results. The ap-

proach of Prof. Іgor Parsadanov received further deve-

lopment  for the criteria-based assessment of complex 

fuel-ecological efficiency of autotractor diesel engines 

exploitation process as a part of power plant conside-

ring of mass hourly emissions of sulphur oxides with 

RICE EG flow as a toxic pollutant and also methods 

for determination of such emissions and ponderability 

of such pollutants in direction of application of this 

mathematical apparatus for standardized steady testing 

cycles. 

Practical value of the obtained results. The obta-

ined results are suitable for providing the quailtative 

and quantitative assessment of ES level of different ty-

pes of diesel engine exploitation process considering 

the emissions of sulphur oxides with RICE EG flow as 

the toxic pollutant. 

1. Analysis of fuel-ecological criterion of Prof. 

Igor Parsadanov 

The values of the criterion Kfe for i-th RICE stea-

dy representative operational mode with magnitude of 

weight factor WF are determined by formula (1) and its 

components – by formulas (2) – (5) [4, 5]. 

   3101efeК  

    310)/(1/3600  efeeu ZZZgH  ‰;   (1) 

fef PgZ  , USD/(kW∙h);             (2) 

preeee gfgUgZ  , USD/(kW∙h); (3) 



Екологізація ДВЗ 

 
ISSN 0419-8719      ДВИГУНИ ВНУТРІШНЬОГО ЗГОРЯННЯ 2'2020 48 

  


m

k
fuelkkpr GGAg

1

/ ;                (4) 

          


xx

h

m
kk NOGNOAPMGPMAGA

1

 

       COGCOAHCGHCA mnmn  , kg/h; (5) 

where the index i indicates the values for a separate re-

presentative mode of RICE operation or range in the its 

exploitation model; Ни = 42,7 MJ/kg [4] – lower fuel 

combustion heat; Ne – effective power, kW; Gfuel – ho-

urly mass fuel consumption, kg/h; Gk – mass hourly 

emission of k-th pollutant in EG flow, kg/h; Ak – dime-

nsionless index of relative aggressiveness of k-th pollu-

tant in EG flow; h = 4 [4] – number of pollutants in EG 

flow; σ – dimensionless index of relative danger of po-

llution of different territories (for automotive diesel en-

gine σ = 1,0, for tractor diesel engine 0,25 [4]); f – di-

mensionless coefficient that takes into account the cha-

racter of dispersion of EG in atmosphere (for Ukraine f 

= 1,0 [4]); δ = Pf – dimension index that converts of the 

score assessment into monetary USD/kg; WF – weight 

factor; ηe – effective efficiency coefficient; β – coeffi-

cient of relative exploitation ecological monetary costs; 

Ze and Zf – monetary costs on compensation of ecologi-

cal damage and on motor fuel, USD/(kW∙h); ge – spe-

cific effective mass hourly fuel consumption, kg/(kW∙ 

∙h); MT and ncs – crankshaft torque and speed, N∙m and 

rpm; Pf = 1,36 USD/kg – price of weight unit of motor 

fuel (Pf = 25,0 UAH/l, excange ratio 26,0 UAH/USD, 

fuel density ρfuel = 0.850 kg/m3); Ue – monetary com-

pensation of ecological damage, USD/kg; gpr – specific 

reduced emission of pollutants with EG flow. 

The average operational value of the criterion Kfe 

describes by formula (6) as it was proposed in the stu-

dy [1]. 

    1000/7

11

7  


N

i
i

N

i
ifeifeme WFWFKK , ‰.   (6) 

Method of obtaining of the values of sulfur ox-

ides mass hourly emissions of in the criteria-based 

assessment 

Present study is proposes the following method 

for such assessment that considers the toxic influence 

of SOX emission on a human in accordance of which 

formula (5) is converted into formula (7) where value 

of coefficient А(SOX) is determinated by formulas (8) – 

(9) [5, 13].  
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 ,             (9) 

where аk – index of relative danger of presense of k-th 

gaseous or aerosol pollutant in atmospheric air that a 

human breathes; αk – correction that takes into account 

the probability of accumulation of k-th gaseous or ae-

rosol pollutant in environment components, trophic 

chaines and admission to the human body by non-inha-

lation way; βk – correction that takes into account the 

probability of formation of other (secondary) pollutan-

ts, more harmful than the original, by the source of the 

k-th gaseous or aerosol pollutant emitted into the atmo-

sphere; δk – correction that takes into account the im-

pact of k-th gaseous or aerosol pollutant on other reci-

pients except a human; MPCad(СО) and MPCot(СО), 

MPCad(k) and MPCot(k) – maximum permissible con-

centration of reference (ACO = 1.0, MPCad(СО) = 3.0 

mg/m3, MPCot(СО) = 20.0 mg/m3 [5, 24]) and k-th pol-

lutant in air average day-and-night and maximal one-

time, mg/m3. 

The source [13] contains information on the com-

ponents of formulas (8) and (9), obtained from the ana-

lysis of the content of the source [4], and summarized 

in Table. 1 and illustrated in Fig. 1. Thus, the value of 

A(SOx) is 22, which is 9 times less than the value of 

A(PM), twice less than the value of A(NOx) and 7 times 

higher than the value of A(CnHm). 

 

Table 1. Parameters of legislative normalized pollu-

tants as a part of EG of diesel RICE [4] 
 

Pollutant 
Indicator 

аk αk βk δk Ak 

CO 1.0 1.0 1.0 1.0 1.0 

CnHm 0.63 1.0 5.0 1.0 3.16 

NO2 27.4 1.0 1.0 1.5 41.1 

SO2 11.0 1.0 1.0 2.0 22.0 

C 17.5 2.0 1.0 1.2 41.5 

PM – – – – 200 

 

The structure of the mass hourly emissions of pol-

lutants in the composition of EG of RICE, taken into 

account in the criterion assessment by the criterion Kfe 

for special operating modes of the diesel engine 

D21A1 (2Ch10.5/12 in accordance with ISO 3046-

1:2002) is shown in Fig. 2. 

To determine the value of G(SOx), which is a ne-

cessary condition for the application of formula (7) and 

formula (1), this study used an approach based on the 

following assumptions. 

1) The source of SOx oxides in the EG aerosol is 

redox reactions in the combustion chamber of RICE 

between sulfur (free or chemically bound) contained in 

motor fuel and motor oil, with freshly charged air oxy-

gen O2. 
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A(CO); 1,0; 0,4%

A(CH); 3,2; 1,3%

A(NOx); 41,1; 

16,8%

A(PM); 200; 81,5%

 
a) 

A(NOx); 41,1; 

15,4%

A(CH); 3,2; 1,2%A(CO); 1,0; 0,4%

A(SOx); 22; 8,2%

A(PM); 200; 74,8%

 
b) 

Fig. 1 – Structure of weights of factors of ecological 

component of criterion Kfe with considering SOx emis-

sion (b) and without such considering (a) 

 

min idle

G(NOx); 5,0; 5,6% G(PM); 2,8; 3,1%

G(CH); 5,0; 5,6%

G(CO); 70,0; 

77,8%

G(SOx); 7,2; 8,0%

 

Mкр max G(CH); 3,8; 0,8%

G(CO); 130,0; 

28,4%

G(SOx); 53,3; 

11,7%
G(PM); 22,1; 4,8%

G(NOx); 248,0; 

54,2%

 

N e  nom

G(CO); 95,0; 

18,3%
G(SOx); 71,3; 

13,7%

G(PM); 14,3; 2,8%

G(NOx); 335,0; 

64,5%
G(CH); 4,1; 0,8%

 

Fig. 2. Structure of the mass hourly emissions of pollu-

tants in the RICE EG flow with considering in the cri-

teria-based assessment by the criterion Kfe for special 

operation modes of the diesel engine 2Ch10.5/12 

 

That is, their hourly mass emission G(SOx) is de-

termined by the hourly mass consumption of Gfuel fuel 

and the consumption of engine oil Goil, which are rela-

ted to each other for a certain technical state of RICE 

by the value of relative oil consumption Cof. 

2) All sulfur from motor fuel and motor oil is 

completely oxidized during combustion in the combus-

tion chamber, i.e. all sulfur oxides SOx in the aerosol 

EG are SO2 dioxide. In fact, SO2 accounts for about 

94 % by weight, and the rest is converted into sulfur 

trioxide SO3 (up to 2 % wt.), sulfates (up to 2 % wt., 

are part of PM), sulfuric acid H2SO4 (up to 2 % wt.), 

hydrogen sulfide H2S (less than 1.0 % wt.) [17, 18]. 

That is, the value of G(SOx) is determined by the 

relative sulfur content in motor fuel СSf and in motor 

oil СSo (in % wt.) Taking into account the mass of oxy-

gen in SO2 according to stoichiometric ratios in the 

equation of the corresponding chemical reaction (10). 

S + O2 → SO2                          (10) 

The molar mass of reagents and reaction products 

is: sulfur μ(S) = 32 g/mol, oxygen μ(O) = 16 g/mol, 

then the molar mass of sulfur dioxide is:  

μ(SOx) = μ(S) + 2 ∙ μ(O) = 32 + 2 ∙ 16 = 64 g/mol. 
Then the mass hourly emission of sulfur dioxide 

GSO2 is twice the mass hourly consumption of sulfur by 

the GS engine – see formula (11). 
GSO2 = μ(SOx) / μ(S) ∙ GS  = 2 ∙ GS, kg/h.  (11) 

The mass hourly consumption of sulfur by the en-

gine  GS is proposed to be determined by formula (12). 
GS = GSf  + GSo, kg/h.                   (12) 

where GSf and GSo – mass hourly consumption of sulfur 

by the engine, due to the consumption of motor fuel 

and burning motor oil consumption, respectively, kg/h. 

The mass hourly consumption of sulfur by the en-

gine caused by the consumption of motor fuel GSf is 

proposed to determine by formula (13), and caused by 

the burning motor oil consumption GSo – by formula 

(14). 
GSf = Gfuel ∙ CSf / 100, kg/h;                (13) 

GSo = Goil ∙ CSo / 100 = Gfuel ∙ Cof ∙ CSo / 100, kg/h, (14) 

where Gfuel – mass hourly consumption of motor fuel, 

kg/h;CSf – relative sulfur content in motor fuel, % wt.; 

CSo – relative sulfur content in engine oil, % wt.; Cof – 

relative burning motor oil consumption, % wt. 

Then formula (11) takes the form of formula (15). 

GSO2 = 2 ∙ Gfuel ∙ (CSf + Cof ∙ CSo ) / 100 = 

=  Gfuel ∙ kSO2, kg/h.                        (15) 

where kSO2 – coefficient that converts the value of fuel 

consumption into the value of SO2 emissions, determi-

ned by the formula (16). 

kSO2 = 2 ∙ (CSf + Cof ∙ CSo ) / 100.        (16) 

Thus, the value of the mass hourly emission of 

sulfur oxides G(SO2) subject to the proposed assumep-

tions is completely determined by the values Gfuel, CSf, 
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CSo and Cof. 

The value of Gfuel is completely determined by the 

level of perfection of the RICE working process and 

design, its current technical condition and model of its 

exploitation and is not legislly normalized. 

The value of CSf, normalized by the relevant stan-

dards and ranges from 0.001 % wt. according to the 

standard EURO V [19] up to 4.5 % wt. for heavy mo-

tor fuels according to the standard [20], and for diesel 

fuel, for the consumption of which the autotractor die-

sel engine 2Ch10.5/12 was designed, according to the 

standard [21] this value is 0.2 – 0.5 % wt. 

The amount of sulfur in gasoline ranges from 0.1 

% wt. according to the standard [22] and up to 10 ppm 

(i.e. 0.0001 % wt.) for the level of EURO V according 

to the standard [23]. 

The value of CSo is determined by the nomencla-

ture and number of additives to the oil that meet its 

purpose, according to standards [24, 25], the require-

ments of API, ASTM, ILSAC, JASO, ACEA, SAE and 

according to the reference literature [26] and ranges 

from 0.1 % wt. up to 1.0 % wt. For 2Ch10.5/12 diesel 

engine according to its technical documentation motor 

oil M10G2 (in the summer) and M8G2 (in the winter) 

for which this value makes 0,5 % wt. should be ap-

plied. 

The value of Cof is determined by the type of 

RICE, its technical level, current technical condition, 

mode of operation. In particular, for technically sound: 

gasoline RICE it is 0.1… 0.25 % wt., diesels – 0.3 … 

0.5 % wt., supercharged RICE – 0.8… 1.0 % wt. [27, 

28]. 

In addition, it is known that for some types of 

RICE motor oil enters the combustion chamber not 

through the gap between the piston and the cylinder li-

ner, but together with the motor fuel, because it is ad-

ded there according to technical requirements – these 

are gasoline two-stroke engines with crank chamber 

purge for motorcycles and motorized equipment. In 

this case, the oil content in the fuel reaches 5.0 % wt. 

[29]. 

Thus, the above influencing factors will vary in 

the calculation study according to Table 2. The basic 

values that determine the mass emission of SO2 at a 

certain constant magnitude of fuel consumption Gfuel 

are as follows: CSfb = 0.5 %, CSob = 0.5 %, Cfob = 0.5 %. 

 

Table 2. Parameters of influencing factors 

Value 
Measur. 

units 
Magnitude 

Gfuel kg/h 0.5 
distribution on the field  

of operating modes  
4.5 

CSf % 0.05 0.5 5.0 

CSo % 0.1 0.5 1.0 

Cof % 0.0 0.5 5.0 

The calculated study of the influence of values of 

CSf, CSo and Cfo on the value of the coefficient kSO2, was 

carried out, the results of which are illustrated in Fig. 3 

– 5. 

Fig. 3 contains graphs of the dependences of va-

lues of the coefficient kSO2 on magnitudes of values СSf 

and ССо for different constant magnitudes of the value 

Сof. It shows that they are all linear, have one angle of 

inclination to the abscissa axis, and the distance betwe-

en them depends on the magnitude of the value of Sof, 

when Sof = 0 % coincide. 

Fig. 4 shows graphs of dependences of the values 

of the coefficient kSO2 on the magnitudes of the value 

of Sof at the basic magnitudes of the value of СSо and 

different constant magnitudes of the value of ССf, and 

in Fig. 5 – graphs of the magnitudes of the value of Sof 

at the basic magnitudes of the value of CSf and different 

constant magnitudes of the value of СSo. Fig. 4 shows 

that such dependences are linear, have one angle of in-

clination to the abscissa, in contrast to the graphs in 

Fig. 5 coming from a single point that is not the origin.  

In general, within the limits specified in Table 2 

ranges of change of the values included in the formula 

(15), the value of the coefficient kSO2 varies from 0.001 

(CSf = 0.05 %, CSo = 0.1 %, Cfob = 0.0 %) to 0.200 (CSf 

= 5.0 %, CSo = 1.0 %, Cfob = 5.0 %). Therefore, for the 

basic calculation option, the value of GSO2 is 1.5 % of 

the value of Gfuel for any steady regime of operation of 

the RICE, i.e. kSO2b = 0.015 (CSf = 0.5 %, CSo = 0.5 %, 

Cfob = 0.5 %) (see formulas (15) and (16)). 
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Fig. 3 – Graphs of dependences of kSO2 coefficient val-

ues on values of СSf and СSо values for different con-

stant values of Сof value 
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C so  = 0,5 %
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Fig. 4. Graphs of dependences of values of the coeffi-

cient kSO2 on magnitudes of the value of Sof at the basic 

magnitudes of the value of СSо and different constant 

magnitudes of the value of СSf 
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Fig. 5. Graphs of dependences of values of the coeffi-

cient kSO2 on the magnitudes of the value of Sof at the 

basic magnitudes of the value of СSf and different con-

stant magnitudes of the value of СSo 
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Fig. 6. Distribution of magnitudes of value of GSO2 on 

the field of operating modes of the 2Ch10.5/12 diesel 

engine at base value of coefficient kSO2 = 0.015 

 

The calculated evaluation of values according to 

the proposed method of SOx emission for the whole fi-

eld of operating modes of the 2Ch10.5/12 diesel engine 

for the following characteristic values of the coefficient 

kSO2 was carried out: 

– basic value of kSO2 = 0.015 at CSf = 0.5 %, CSo = 

= 0.5 %, Cfob = 0.5 %), presented on Fig. 6; 

– maximum value of kSO2 = 0.200 at CSf = 5.0 %, 

CSo = 1.0 %, Cfob = 5.0 %), presented on Fig. 7; 

– minimum value of kSO2 = 0.001 at CSf = 0.05 %, 

CSo = 0.1 %, Cfob = 5.0 %), presented on Fig. 8. 

Fig. 6 – 8 shows that the smallest values of 

G(SOx) reaches the minimum idle mode, and the lar-

gest – at nominal power mode. For the basic variant, 

the value of G(SOx) varies in the range from 7.3 to 

73.6 g/h, i.e. changes in 10 times according to the over 

the field of RICE operating modes. 

Averaged over the entire field of RICE operating 

modes for diesel engine 2Ch10.5/12 magnitudes of the 

value of G(SOx) depending on the value of the coeffici-

ent kSO2 are illustrated in Fig. 9 and described by for-

mula (17). 

GSO2me = 2250 ∙ kSO2, g/h.           (17) 
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Fig. 7. Distribution of magnitudes of value of GSO2 on 

the field of operating modes of the 2Ch10.5/12 diesel 

engine at base value of coefficient kSO2 = 0.200  
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Fig. 8. Distribution of magnitudes of value of GSO2 on 

the field of operating modes of the 2Ch10.5/12 diesel 

engine at base value of coefficient kSO2 = 0.001  
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Fig. 9. Graph of the dependence of the magnitudes of 

the value of GSO2, averaged over the entire field of op-

eration modes of the 2Ch10.5/12 diesel engine, from 

the value of the coefficient kSO2 

 

On Fig. 9 shows that this dependence is linear, 

and its graph is based on the origin. Such average valu-

es of G(SOx) emissions in the studied range of changes 

in the values of the coefficient kSO2 = 0.0 – 0.200 vary 

from 0 to 450 g/h. 

Thus, in this part of the article the method of ob-

taining the values of the mass hourly emission of sulfur 

oxides in the EG flow of diesel RICE is presented and 

it is applied to the case of diesel engine 2Ch10.5/12. 

3. Obtaining an initial data set for a standardi-

zed steady testing cycle ESC 

The standardized steady testing cycle ESC (Euro-

pean Steady Cycle) described in standard [16] is used 

to build a test program for passenger vehicles and con-

tains 13 steady modes of RICE operation. Technical 

and economical, as well as ecological indicators of 

2Ch10.5/12 diesel engine, the exploitation model of 

which is ESC testing cycle was obtained and showed in 

monograph [1] and studies [2, 3, 30–34]. Technical 

characteristic of 2Ch10.5/12 diesel engine is contained 

in source [15].  

4. Results of calculated study and their analy-

sis 

The results of the calculated study of G(SOx) emi-

ssion values and the complex fuel-ecological criterion 

Kfe for the reference and baseic variants and the ESC 

test cycle are illustrated on Fig. 10 – 14. 

Distribution of the values of the mass hourly emi-

ssion of sulfur oxides G(SOx) and the value of 

δΣ(Ak∙Gk) by the modes of the ESC cycle is illustrated 

on Fig. 10, and the values of the coefficient Kfe and the 

value of obtained effect δKfe – on Fig. 11. 

Fig. 10 shows that the value of G(SOx) in the mo-

des of the cycle ESC varies from 7.2 g/h (mode № 1) 

to 71.3 g/h (mode № 10), and the value of δΣ(Ak ∙Gk) – 

from 7.5% (mode № 6) to 18.9 (mode № 1). 

Fig. 11 shows that the values of Kfe for the refere-

nce variant (excluding the value of G(SOx)) for the mo-

des of the ESC cycle varies from 2.7 ‰ (mode № 1) to 

64.4 ‰ (mode № 4), and taking into account the emis-

sion of sulfur oxides SO2 according to the basic variant 

(CSf = 0.5 %, CSo = 0.5 %, Cfob = 0.5 %) these values 

change by the value of δKfe in the range from –5.8 % 

(mode № 6) to –10.7 % (mode № 1). 

In the second stage of the calculation study, the 

evaluation results for the following options were obtai-

ned (see Table 3). 

Variant A «Reference», without taking into acco-

unt the value of G(SOx), i.e. for which CSf = 0 %, CSo = 

= 0 %, Cfob = 0 %, kSOx = 0. 

Variant B «Basic», the value of G(SOx) is taken 

into account for the typical case for diesel engine 

2Ch10.5/12, i.e CSf = 0.5 %, CSo = 0.5 %, Cfob = 0.5 %, 

kSOx = 0.015. 

Variant C «Optimistic», the value of G(SOx) is ta-

ken into account for the most environmentally advanta-

geous case, i.e. CSf = 0.0 5%, CSo = 0.1 %, Cfob = 0 %, 

kSOx = 0.001. 

Variant D «Pessimistic», the value of G(SOx) is 

taken into account for the least environmentally favou-

rable case, i.e. CSf = 5.0 %, CSo = 1.0 %, Cfob = 5.0 %, 

kSOx = 0.200. 

Results of the comparative calculation study for 

variants A, B, C, D and the ESC cycle are summarized 

on Fig. 12 and 13. 
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Fig. 10. Distribution of values of G(SOx) and δΣ(Ak∙ 

Gk) by ESC cycle modes for the basic study variant 
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Fig. 11. Distribution of Kfe and δKfe values by ESC 

cycle modes for Reference and Basic study variants 
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Table 3. Variants of calculated study 

Variant Parameter 

Sign. Title Csf, % Cso, % Cfo, % kSOx, – 

A Reference 0.0 0.0 0.0 0.0 

B Basic 0.5 0.5 0.5 0.015 

C Optimistic 0.05 0.1 0.0 0.001 

D Pessimistic 5.0 1.0 5.0 0.200 
 

Fig. 12 and 13 show distribution of values of Kfe 

and δKfe by modes of the ESC cycle for all study vari-

ants. They show that the value of fuel and ecological 

efficiency of the 2Ch10.5/12 diesel engine exploitation 

process all options, considering the emission of sulfur 

oxides are inferior to the reference variant A; variant C 

is almost no different from variant A (within 0.4… 0.8 

%), the difference between variant B and variant A is 

more expressed (about 5.8…10.7 %), and variant D is 

significantly inferior to variant A. approximately 45… 

62 %). 

The results of estimating the average operational 

values of Kfe and δKfe for all variants of the calculation 

study and depending on the value of the coefficient 

kSOx are illustrated on Fig. 14 and 15 and is described 

by the method of least squares by polynomials of the 

2nd degree – see formulas (18) and (19). 

Kfeme = 4,848∙102 ∙ k2
SO2 – 2,464∙102 ∙ kSO2 + 

+ 6,245∙101; R2 = 0,999;                   (18) 

δKfeme = 7,741∙102 ∙ k2
SO2 – 3,953∙102 ∙ kSO2 – 

– 2,652∙10–1; R2 = 0,999.                 (19) 
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Fig. 12. Distribution of Kfe values by ESC cycle modes 

for all study variants 
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Fig. 13. Distribution of δKfe values by ESC cycle 

modes for all study variants  
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Fig. 14. Average operational values of Kfe and δKfe  

for all study variants  
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Fig. 15. Graphs of dependence of average operational 

values of Kfe and δKfe on the value of coefficient kSOx  

 

Therefore, in this part of the work the criteria-ba-

sed assessment of the ES level of the RICE exploitati-

on process on the example of the autotractor diesel en-

gine 2Ch10.5/12 is carried out considering the emissi-

ons of sulfur oxides with the flow of EG and its results 

are analyzed. 

 

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 complex fuel-ecological criterion of Prof. Іgor Par-

sadanov considering the mass hourly emissions of sul-

fur oxides with the flow of EG of RICE and the bur-

ning engine oil consumption. The essence of the propo-

sed approach is to obtain the values of the mass hourly 

emission of sulfur oxides as the product of the value of 

the mass hourly consumption of motor fuel and the co-

efficient that takes into account the sulfur content of 

motor fuels and oils and burning oil consumption. 

2. A set of initial data for the calculation study for 

the steady test cycle ESC was obtained. 

3. The calculated assessment of values of the 

complex fuel-ecological criterion considering the emi-

ssions of sulfur oxides with the flow of EG of RICE for 

the use of motor fuels and oils with different sulfur 



Екологізація ДВЗ 

 
ISSN 0419-8719      ДВИГУНИ ВНУТРІШНЬОГО ЗГОРЯННЯ 2'2020 54 

content and different values of burning engine oil con-

sumption.  

It was found that the value of the fuel-ecological 

criterion for the basic variant of taking into account 

emissions of sulfur oxides, i.e. with the values of sulfur 

content in motor fuels and oils and burning oil consum-

ption, typical for 2Ch10.5/12 diesel  engine, differs for 

the variant that does not take into account this ES fac-

tor, on average by 6.6 %.  

For the variant that takes into account the current 

requirements for sulfur content in technical fluids and 

the technical level of modern RICE, this difference is 

0.5 %.  

The identified dependences are described by for-

mulas by the method of least squares. 

The research has been carried out in the science 

and research work of Applied Mechanics and Environ-

ment Protection Technologies Department of the Na-

tional University of Civil Defence of Ukraine «Using 

of fuzzy logic and psychophysical scales in a critical 

assessment of the level of ecological safety» (State 

Reg. № 0119U 001001, 2019 – 2021). 
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КРИТЕРІАЛЬНЕ ОЦІНЮВАННЯ ПАЛИВНО-ЕКОЛОГІЧНОЇ ЕФЕКТИВНОСТІ ПРОЦЕСУ ЕКСПЛУАТАЦІЇ 

ПОРШНЕВОГО ДВЗ ЕНЕРГОУСТАНОВКОК З ВРАХУВАННЯМ ВИКИДІВ ОКСИДІВ СІРКИ 

Кондратенко О. М., Колосков В. Ю., Деркач Ю. Ф.,  Коваленко С. А. 

В даному дослідженні вдосконалено методику розрахунку і математичний апарат для оцінки значень комплексного 

паливно-екологічного критерію проф. Ігоря Парсаданова шляхом врахування годинних масових викидів оксидів сірки з 

потоком відпрацьованих газів поршневого ДВЗ як токсичного полютанта. Метою дослідження є отримання величин 

комплексного паливно-екологічного критерію, які характеризують рівень екологічної безпеки процесу експлуатації ди-

зельних двигунів з урахуванням викидів оксидів сірки як токсичного полютанту. Випробувальний цикл European Steady 

Cycle (відповідно до Правил ЄЕК ООН № 49) використовувався в якості моделі експлуатації. Отримано набір вихідних 

даних для розрахункового критеріального оцінювання рівня екологічної безпеки процесу експлуатації енергоустановок з 

поршневим ДВЗ на прикладі автотракторного дизеля 2Ч10,5/12 за результатами обробки даних стендових моторних вип-

робувань. Розрахункова оцінка значень зазначеного критерію проводилася з урахуванням викидів оксидів сірки. Вияв-

лено, що значення паливно-екологічного критерію для базового варіанту з урахуванням викидів оксидів сірки, тобто з 

урахуванням значень вмісту сірки в моторних паливах і оливах та втрати оливи на чад, характерних для дизеля 

2Ч10,5/12, відрізняється для варіанту, який не враховує цей фактор екологічної безпеки, в середньому на 6,6 %. Для ва-

ріанту, який враховує сучасні вимоги до вмісту сірки в технічних рідинах і технічному рівню сучасного поршневого 

ДВЗ, ця різниця становить 0,5 %. Виявлені залежності описано формулами методом найменших квадратів. Наукова но-

визна отриманих результатів у тому, що отримав подальшого розвитку підхід проф. Ігоря Парсаданова щодо критеріїв 

оцінювання паливно-екологічної ефективності процесу експлуатації автотракторних дизельних двигунів як частини ен-

ергоустановки з урахуванням масових годинних викидів оксидів сірки з потоком відпраьованих газів поршневого ДВЗ 

як токсичного полютанту, а також методика визначення таких викидів та їх вагомості у напрямку застосування цього 

математичного апарату для стандартизованих стаціонарних випробувальних циклів. 

Ключові слова: технології захисту навколишнього середовища, екологічна безпека, енергетичні установки, двигу-

ни внутрішнього згоряння, викид оксидів сірки, полютанти. 
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КРИТЕРИАЛЬНОЕ ОЦЕНИВАНИЕ ТОПЛИВО-ЭКОЛОГИЧЕСКОЙ ЭФФЕКТИВНОСТИ ПРОЦЕССА 

ЭКСПЛУАТАЦИИ ПОРШНЕВОГО ДВС ЭНЕРГОУСТАНОВКИ С УЧЕТОМ ВЫБРОСОВ ОКСИДОВ СЕРЫ 

Кондратенко А. Н., Колосков В. Ю., Деркач Ю. Ф., Коваленко С. А. 

В данном исследовании усовершенствованы методика расчета и математический аппарат для оценки значений 

комплексного топливно-экологического критерия проф. Игоря Парсаданова путем учета часовых массовых выбросов 

оксидов серы с потоком отработавших газов поршневого ДВС как токсичного поллютанта. Целью исследования явля-

ется получение величин комплексного топливно-экологического критерия, характеризующих уровень экологической 

безопасности процесса эксплуатации дизельных двигателей с учетом выбросов оксидов серы как токсичного полютанта. 

Испытательный цикл European Steady Cycle (в соответствии с Правилами ЕЭК ООН № 49) использовался в качестве 

модели эксплуатации. Получен набор исходных данных для расчетной критериальной оценки уровня экологической без-

опасности процесса эксплуатации энергоустановок с поршневым ДВС на примере автотракторного дизеля 2Ч10,5/12 по 

результатам обработки данныех стендовых моторных испытаний. Расчетная оценка значений указанного критерия про-

водилась с учетом выбросов оксидов серы. Выявлено, что значение топливно-экологического критерия для базового 

варианта с учетом выбросов оксидов серы, т.е. с учетом значений содержания серы в моторных топливах и маслах и 

расхода масла на угар, характерных для дизеля 2Ч10,5/12, отличается для варианта, который не учитывает этот фактор 

экологической безопасности, в среднем на 6,6 %. Для варианта, который учитывает современные требования к содержа-

нию серы в технических жидкостях и техническому уровню современного поршневого ДВС, эта разница составляет 0,5 

%. Выявленные зависимости описаны формулами методом наименьших квадратов. Научная новизна полученных резу-

льтатов заключается в том, что получил дальнейшее развитие подход проф. Игоря Парсаданова к критериальному оце-

ниванию топливно-экологической эффективности процесса эксплуатации автотракторных дизельных двигателей как 

части энергоустановки с учетом массовых часовых выбросов оксидов серы с потоком отработавших газов поршневого 

ДВС как токсичного полютанта, а также в разработке методики определения таких выбросов и их весомости в направле-

нии применения этого математического аппарата для стандартизированных стационарных испытательных циклов. 

Ключевые слова: технологии защиты окружающей среды, экологическая безопасность, энергетические установ-

ки, двигатели внутреннего сгорания, выброс оксидов серы, поллютанты. 
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