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O. Kondratenko, S. Kovalenko (Kharkiv, UKRAINE) 

 

FUEL-ECOLOGY ASSESSMENT OF RATIONAL NUMBER OF POLYGONS  

IN EXPLOITATION MODEL OF RECIPROCATING ICE OF VEHICLE 

 

National University of Civil Defence of Ukraine, 61023 Kharkiv, Chernyshevska str., 94,  

e-mail: kondratenkoom2016@gmail.com 

 

Relevance of topic of the study. When carrying out a complex criteria-based assess-

ment of ecological safety level of the exploitation process of power plants with reciprocating 

internal combustion engine (RICE), it is rational to use a mathematical apparatus of a comp-

lex fuel-ecological criterion of prof. I.V. Parsadanov described in the monograph [2] and im-

proved in the monograph [1]. This requires the availability of initial data set obtained in expe-

rimental or computational studies. For general-purpose internal combustion engines, such as 

autotactor, not all operating models and testing cycles reflect all features of distribution of te-

chnical, economic, and ecological performance across the operating regimes field. Therefore, 

determining the rational density of the computational grid when receiving such initial data is 

an relevant scientific task.  

Purpose of the study. Calculated substantiation of choosing a rational number of 

variation levels of the RICE operating regimes field coordinates in calculation the criteria-

based of ecological safety level of the exploitation process of vehicles with RICE. 

Results of the study. The mathematical apparatus of the complex fuel-ecological 

criterion Kfe described in the monograph [2] was improved in the monograph [1] to perform 

the study and represented by formulas (1) – (3). The middle exploitation value of the Kfe crite-

rion, which characterizes the exploitation model as a whole, is determined by formula (4) [1]. 
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where the index i indicates the values for a separate representative mode of RICE operation or 

landfill in the its exploitation model; Ни = 42.7 МДж/кг [3] – lower fuel combustion heat; Ne 

– effective power, kW; Gfuel – mass hourly fuel consumption, kg/h; Gk – mass hourly emission 

of k-th pollutant in EG flow, kg/h; Ak – dimensionless index of relative aggressiveness of k-th 

pollutant in EG flow (А(NOx) = 41.1; А(PM) = 200; А(CnHm) = 3.16; А(СО) = 1.0 [3]); h = 4 

[3] – number of pollutants in EG flow; σ – dimensionless index of relative dangerous of pol-

lution of different territories (for automotive diesel engine σ = 1,0, for tractor diesel engine 

0,25 [3]); f – dimensionless coefficient that takes into account the character of dispersion of 

EG in atmosphere (for Ukraine f  = 1,0 [3]); δ = Pf – dimension index that converts of the sco-

re assessment into monetary $/kg; WF – weight factor; ηe – effective efficiency coefficient; β 

– coefficient of relative exploitational ecological monetary costs; Ze and Zf – monetary costs 

on compensation of ecological damage and on motor fuel, $/(kW∙h); ge – specific effective 

mass hourly fuel consumption, kg/(kW∙h); MT and ncs – crankshaft torque and speed, N∙m and 
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rpm; Pf = 1,36 $/kg – price of weight unit of motor fuel (Pf = 25,0 UAH/l, exchange ratio 26,0 

UAH/$, fuel density ρfuel = 0.850 kg/m
3
); Ue – monetary compensation of ecological damage, 

$/kg; gpr – specific reduced emission of pollutants with EG flow. 

Variants and results of the study obtained for autotractor diesel engine D21A1 

(2Ch10.5/12 in accordance with ISO 3046-1:2002, described in [3]) summarized into Table 1. 
 

Table 1 – Variants and results of the study 
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On Fig. 1,a illustrated the results of calculated assessment of middle exploitation 

magnitudes of values of Kfe criterion as the indicator of fuel-ecological efficiency of exploita-

tion process of RICE as well as values of amount of operational regimes in testing program N 

as the indicator of labor and money expenses for implementation of testing process for the ca-

se of taking into account of density of experimental or calculation mash. 

On Fig. 1,b illustrated the results of calculated assessment of middle exploitation 

magnitudes of values of changing of criterion δKfe as the indicator of methodical component 
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of systematic error as well as values of changing value δN as the indicator of economic effect 

of reducing of labor and money expenses for implementation of testing process. 

Such money expenses consists of the cost of consumed motor fuel and motor oil set 

aside, the salaries of researchers conducting research on the motor test bench, as well as the 

compensation of utilities consumed during the study. 

On Fig. 2 illustrated the results of calculated assessment of mutual influence of valu-

es of δKfe and δΣN. 

  
а                                                                               b 

Fig. 1. Absolute (a) and relative (b) results of the study 

 
Fig. 2. Mutual influence of values of δKfe and δΣN 

 

On Fig. 1,a can be seen that dependences of value of criterion Kfe from the value of 

N(X) has nonlinear and increases sharply in the range of values of N(X) from 0 to 4 then 

grows with moderate intensity in the range from 4 to 9 and finally starting with value N(X) = 

9 goes on the «shelf» asymptotically approaching to the magnitude 55 ‰. This improves that 

the choice of Variant A as the basic. On this Fig. can be seen that the dependence of value of 

ΣN from value of N(X) is quadratic. The dependence of value of criterion Kfe, δKfe and δΣN 

from value of N(X) was described by least squares method as polynomial of 6
th

 and 2
nd

 ranks. 

So, from Fig. 1,b it becomes clear that with the increase in the number of levels of 

variation of the coordinates of the RICE operation modes field N(X) the value of the specified 

methodical error (i.e., the value δKfe) sharply decreases and value of money saved for the ex-

perimental study (i.e., the value of δΣN) decreases much less intensively. 

If we set some level of value of the specified methodical error, then it is possible to 

formulate recommendations on the rational value of the levels of variation of the coordinates 

of RICE operation modes field, as well as the corresponding values of saving of money for 

the implementation of the experimental study. So, let‘s set the margin of error to 5 % then the 
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range of recommended levels of variation can be attributed values N(X) = 8 … 21, but for va-

riants with N(X) = 8 and 9 the values of criterion Kfe is 5.1 and 4.4 % accordantly and also the 

magnitude of value of δΣN equals 85.5 and 81.6 %. For variants with N(X) = 10 … 21 the va-

lues of δKfe slowly decreases in range 2,9 … 0,0 %, but the values of δΣN decreases rapidly in 

range 77,3 … 0,0 %, so such variants can not be recommended because with a significant in-

crease in the value of N(X) and, moreover, the value of ΣN with a small gain in the value of 

the error, we obtain a significant loss in the value of the experimental study. For variants with 

N(X) = 7…2 the values of δKfe exceeds the set limit and grows rapidly in the range 5,7…100 

% and so such variants can not be recommended despite the slow increase in value δΣN in the 

range 88,9…99,1%. Such considerations are confirmed by Fig. 1,b. 

Thus, the rational magnitudes of variation levels of the coordinates of the RICE ope-

rating regimes field N(X) should be recognized as 8 (as an variant with a more uniform filling 

of the RICE operating regimes field by the calculation mash) or 9 (as an variant that including 

the central point of the RICE operating regimes field with i = j = 0 and ncs = 1350 rpm, MT = 

= 55 N∙m). In this case, the variant with N(X) = 9 provides a better value of the methodical er-

ror by 0.7 % compared to the variant with N(X) = 8, but has a greater 4.1 % average cost of 

implementation. 

According to the calculated analysis of bench motor tests of specified diesel engine 

when it consumes 100 % of traditional and 100 % of alternative fuel it is detected that with 

equal engine effective power the mass hourly fuel consumption by regimes of loading charac-

teristics increases by 12 – 20 %, air – by 2 – 10 %, mass hourly particulate matter emissions 

are reduced by 9 – 32 %, nitrogen oxides by 3 – 13 %, unburned hydrocarbons by 10 – 20 %, 

and carbon monoxide by 12 – 25 %. 

On Fig. 3 it is seen that individual regime values of fuel-ecological efficiency of the 

diesel engine 2Ch10.5/12 in the ESC testing cycle, characterized by the values of the Kfe crite-

rion, vary within range from 4.1 to 71.3 ‰, and individual regime values of the fuel-ecologi-

cal effect from conversion of this diesel engine from consumption of 100 %  traditional diesel 

fuel to 100 % alternative, described by value of δKfe – in the range of 1.1 to 10.7 %. Also, this 

Figure and this Table shows that the middle exploitation value of the Kfe criterion is 63.0 ‰, 

and the value of the fuel-environmental effect δKfe is 6.6 %.  

The results obtained in the study are useful for describing the features of RICE ope-

ration of a vehicle with a hybrid driving of propulsion on a part of its exploitation model, 

when it operates in the mode of drive of mechanical transmission. Also, these results are suit-

able for quantitative and qualitative assessment of the energy efficiency of the specified pro-

cess of operation in combination with its ecological component. 
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