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CONSIDERING THE EMISSION OF MOTOR FUEL VAPOR  
OF EXPLOITATION PROCESS OF FIRE AND EMERGENCY RESCUE 

EQUIPMENT IN THE CRITERIA-BASED ASSESSMENT OF 
ECOLOGICAL AND ENERGY POTENTIAL OF UKRAINE 

In order of assessment the values of indicators of the ecological 
safety (ES) level of the process of exploitation of power plants (PP) with 
diesel reciprocating internal combustion engines (RICE), in particular 
units of fire and rescue equipment equipped with fuel tanks, it is 
advisable to use the mathematical apparatus of the complex fuel-
ecological criterion Kfe of prof. Igor Parsadanov (NTU «KhPI», Kharkiv, 
Ukraine), described in the monograph [1] and improved in the 
monograph [2]. 

That is, RICE, being the most common type of heat engines, act as 
a powerful source of pollution of environmental components – 
atmosphere, hydrosphere and lithosphere, as well as the biosphere in 
general and humans in particular as superstructure over the listed 
components [1]. 

The mathematical apparatus of the Kfe criterion is described in the 
monograph [1]. To solve the problem of accounting of emissions of motor 
fuel vapors as the ES factor, in the study it was proposes to supplement 
the formula for determining the total reduced mass hourly emission of 
pollutants with the exhaust gas (EG) flow Σ(A(k)∙G(k)) with the 
component А(RB)∙G(RB) (see formula (1)) where А(RB) – is ponderability 
of fuel component of the Kfe criterion, which has the meaning of the 

55
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dimensionless coefficient of the relative aggressiveness of the pollutant 
(defined in the monograph [2]) and G(RB) is mass hourly total emission 
of motor fuel vapor is the sum of such emissions due to the 
manifestations of the phenomena of large (LRB) and small (SRB) G(ІB) 
breathing of motor fuel storage reservoirs (for vehicle – fuel tanks) – 
G(SB) and G(ІB). 

( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( ) ( )RBGRBACOGCOAHCGHCA

NOGNOAPMGPMAGA

mnmn

xx

h

m
kk

+++

++=
=1 , kg/h. (1) 

where A(RB) = Afuel = 38.4 [2], А(PM) = 200; А(NOx) = 41.1; А(CnHm) 
= 3.16; 
А(CO) = 1.0; Hu = 42,7 MJ/kg; σ = 1.0; f = 1.0 [1]. 

The following 4 variants for obtaining the value of the emission of 
motor fuel vapors due to the manifestations of the phenomena of LRB 
and SRB were studied in the study: 

A) The Worst global – the respiration valve of the fuel tank of vehicle
is set to magnitude of overpressure pvalve = 0 kPa, the daily atmospheric 
air temperature drop ΔTfv is the maximum observed in the populated 
areas of the Earth, that is, in the desert ΔTfv = 50 °С. 

B) The Worst local – pvalve = 0 kPa, the daily atmospheric air
temperature drop ΔTfv is the maximum observed in Kharkiv ΔTfv = 40 °C. 

C) The Actual global – pvalve = 15 kPa, ΔTfv = 50 °С.
D) The Actual local – pvalve = 15 kPa, ΔTfv = 40 °С.
The distribution of the values of G(SB) and G(ІB) over the field of 

operating modes of the 2Ch10.5/12 autotractor diesel engine is shown 
in Fig. 1 and Fig. 2. 

 Also in the study, the following variants for the composition of the 
set of ES factors taken into account by the mathematical apparatus of 
the Kfe criterion are considered. 

Variant A – The Reference – without taking into account the 
emission of motor fuel vapors caused by both the LRB and SRB 
phenomena. 

Variant B – The Large – taking into account the emission of motor 
fuel vapors due to the LRB phenomena. 

Variant C – The Small – taking into account the emission of motor 
fuel vapors due to the SRB phenomena. 

Option D – The Full – taking into account the emission of motor 
fuel vapors due to both the LRB and the SRB phenomena. 

On Fig. 3 illustrates the results of the study, namely distributions 
of values of the Kfe criterion and average operating values of the Kfe 
criterion and the effect δKfe (b) according to the regimes of the ESC 
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standardized steady testing cycle for a 2Ch10.5/12 diesel engine. 
Thus, the study describes the developed method for determining 

the magnitude of the emission of motor fuel vapors, caused by the 
phenomena of LBR and SBR of vehicle fuel tanks, into the components 
of the environment during the exploitation of units of fire and rescue 
equipment with a RICE. The results of taking into account such 
emissions in a complex criteria-based assessment of the ES level of such 
a process are obtained and analyzed. 

Figure 1 – Distribution of magnitudes of G(SB) value  
in the field of operating regimes of autotractor diesel engine 

2Ch10.5/12 

Figure 2 – Distribution of magnitudes of G(IB) value 
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in the field of operating regimes of autotractor diesel engine 
2Ch10.5/12 

a 

b 
Figure 3 – Distributions of values of the Kfe criterion and average 

operating values  
of the Kfe criterion and the effect δKfe (b) according to the regimes of the 
ESC standardized steady testing cycle for a 2Ch10.5/12 diesel engine 
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