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MOTOR FUEL FOR RECIPROCATING ICE OF HYBRID VEHICLE  
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Relevance of topic of the study. In a electric vehicle with hybrid driving of propul-

sion, there are several ways of combined operating all the major components – a reciprocating 

internal combustion engine (RICE), an electric generator, a traction electric motor (TEM) and 

a battery – both individually and in any combination. These methods are implemented in dif-

ferent modes of motion of the same vehicle [1]. In the first approximation, it is established 

that the RICE can drive the vehicle propulsion in one of two ways (thus the combined operati-

on of TEM and RICE is not implemented, the battery from the RICE does not charge and do-

es not transmit the accumulated energy of TEM): A) through mechanical transmission (as in a 

traditional vehicle); B) through electrical transmission; C) combination of ways A and B. Sig-

nificant scientific and technical interest is the solution of the issues, firstly, the evaluation of 

the fuel-ecological efficiency of the exploitation process of hybrid vehicle on its inherent ex-

ploitation models and, secondly, the complex energy and ecological effect of the transfer of 

such RICE to the consumption of alternative motor fuel. Purpose of the study. Detection of 

fuel-ecological effect of transfer of RICE of hybrid vehicle to consumption of alternative 

motor fuel. 

Results of the study. Analysis of the nomenclature and parameters of known exploi-

tation models of RICE, listed in the sources [2 – 4], allowed the method A of driving the pro-

pulsion of hybrid vehicle to comply with the standardized steady-state test cycle ESC (Euro-

pean Steady Cycle), described in the standard [4] (UNECE Regulations # 49) used for develo-

ping of a testing program for passenger vehicles and contains 13 steady regimes of the engine 

operation. Parameters of the ESC testing cycle regimes for the 2Ch10.5/12 diesel engine ac-

cording to [4] are determined by formula (1). 

 lohilok nnCnn  , rpm;                                                (1) 

where nlo – low crankshaft speed i.e. its minimal magnitude at 50 % of RICE nominal effecti-

ve power, rpm; nhi – high crankshaft speed i.e. its minimal magnitude at 75 % of RICE nomi-

nal effective power, rpm; if k = A than C= 0.25; if k = B than C = 0.50; if k = C than C = 0.75. 

For 2Ch10.5/12 diesel engine maximal power is 21 kW and reaches at МT = 110 N∙m 

and nкв = 1800 rpm. Basing on results of motor bench tests of that engine we get following 

data: nlo = 1000 rpm, nhi = 2000 rpm, than: nА = 1250 rpm, nВ = 1500 rpm, nС = 1750 rpm.  

So МкрАmax = 108 N∙m, МкрВmax = 102 N∙m, МкрСmax = 93 N∙m, than: NeАmax = 14.136 kW, 

NeBmax = 16.021 kW, NeCmax = 17.042 kW. 

According to the analysis that was carried out in the monograph [2] of well-known 

criteria-based mathematical apparatus which are suitable for the calculation assessment of the 

fuel-ecological efficiency level of the exploitation of vehicle with RICE, and can be an indica-

tor of such level for the implementation of this study selected complex fuel-ecological criteri-

on Kfe. Since from number of apparatuses that was analyzed in the source [2] only the Kfe cri-
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terion takes into account the RICE fuel consumption in the form of the specific effective ho-

urly mass value ge in g/(kW∙h) and the inverse to it value of effective efficiency coefficient ηe, 

then such a criterion can be attributed to the values, which can also characterize the energy ef-

ficiency of the RICE operation process. 

The mathematical apparatus of the complex fuel-ecological criterion Kfe described in 

the monograph [3] was improved in the monograph [2] to perform the study and represented 

by formulas (2) – (8). The middle exploitation value of the Kfe criterion, which characterizes 

the exploitation model as a whole, is determined by formula (9) [3]. 

      eifieiеiuеifei ZZZgHК  /1/36001 , ‰;                 (2) 

eifіei NGg / , kg/(kW∙h);                                           (3) 

fеifi PgZ  , $/(kg∙kW);                                         (4) 

eіeiei UgZ  , $/(kg∙kW);                                         (5) 

9550/csiTiei nMN  , kW;                                           (6) 

prіeі gfU  , $/kg;                                             (7) 

  


h

k
fіkikprі GGAg

1

/ , kg/(kW∙h),  COHCPMNOk mnx ,,, ;           (8) 

      0.1;/
1

7

11

7  


n

i
i

n

i
i

n

i
ife WFWFWFKK

fei
, ‰.                      (9) 

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 

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. 

Technical-economical (a) and ecological (b) indicators of operation of diesel engine 

D21A1 (2Ch10.5/12 in accordance with ISO 3046-1:2002) when converting it from consump-

tion of 100 % traditional to 100 % alternative fuel, in particular on the basis of rapeseed oil 

methyl ester, used as a source for calculation study illustrated in Fig. 1. Such data are obtai-

ned from the results of analysis of information from the source [5], described by polynomias 

by the method of least squares. It is taken into account that the calorific value of such fuel is 

less than the traditional one by almost 16 %, and theoretically required amount of air for com-

plete combustion of 1 kg of such fuel is lower by only 10 %, the density of biofuel is higher 
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by 5 %, but the viscosity is higher by 96 %. Therefore, to obtain the same effective engine po-

wer, and therefore the power generator, fuel consumption should be increases to 20 %. 

On Fig. 2 illustrated the results of intermediate calculations, namely, graphs of the 

dependence of the values of the Kfe criterion and its relative change δKfe due to the transfer of 

the engine from consumption of 100 % of traditional motor fuel to 100 % alternative, from 

the value of the engine torque at a constant cranked speed, i.e. on loading characteristics. 

The results of the main calculations are the individual regime and middle exploitati-

on values of the fuel-ecological efficiency of 2C10.5/12 diesel engine exploitation process ac-

cording to the ESC exploitation model, i.e. the value of the Kfe criterion, and the correspon-

ding effects from the use of alternative fuel, i.e. the value of the relative change of this criteri-

on δKfe illustrated in Fig. 3 in the form of histograms and graphs. 

  
а                                                                                    b 

Fig. 1. Technical-economical (a) and ecological (b) indicators of operation of 2Ch10.5/12 diesel engine  

when converting it from consumption of 100 % traditional to 100 % alternative fuel 

  

Fig.2. Results of the intermediate calculations - loading characteristics of the diesel engine 2Ch10.5/12 

 

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 
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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 %.  

 

Fig. 3. Results of the study for 2Ch10.5/12 diesel engine and ESC testing cycle 

 

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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