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In accordance with the classification of ecological safety (ES) factors the source of which 
are reciprocating internal combustion engines (RICE) as a part of power plants (PP) in its 
exploitation process proposed in [1] the mass hourly emissions of carbon dioxide CO2 with exhaust 
gases (EG) flow is classified as indirectly legislative normalized, namely as emission of greenhouse 
gas and also there is magnitudes of its maximum permissible concentration MPC (CO2) in % or 
ppm in, normative requirements to CO2 emission of vehicle (not RICE) in g/km and also quotas for 
total CO2 emission from territory of particular country in accordance to the Kioto protocol in 
millions tons/year [1]. At the normal conditions the concentration of CO2 in dry atmospheric air 
equals 0,025 … 0,045 % (250 … 450 ppm), physiologically normal content of CO2 in air of 
buildings equals 0,060 … 0,080 % (600 … 800 ppm), feels negative influence on human health 
from the magnitude of 0,1 % (1000 ppm), MPC(СО2) in air of buildings is limited by magnitude 
0,14 % (1400 ppm), lethal dose LD50 equals 90 thousand mg/m3 [1]. 

Nowadays the normative of CO2 emission in accordance with requirements of European 
Comission and European Automobile Manufacturers Association (АСЕА) that are put forward to 
the average emission level of the entire production line of vehicle models (but not individual 
vehicle unit) and apply within the EU (but not Ukraine) equals 130 g/km and in 2020 must be 
reduced to 95 g/km [1]. For Ukraine the quota of CO2 emission according to Kioto protocol equals 
922 million tons/year from number of which due to reducing of volume of industrial production 
remain unclaimed about 420 million tons per year (that is 45 %) which are sold to other 
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industrialized nations of the world [1]. Thus, except that CO2 is greenhouse gas and its emission 
with EG flow causes increasing the greenhouse effect (global warming) it also has the toxic impact 
in certain concentration in atmospheric air what are characterized magnitudes of appropriate MPC. 

Nowadays to take into account both of worded above features of CO2 emission as ES factor 
of PP with RICE accident-free exploitation process using of mathematical apparatus of criterion Kfe 
is possible only in case of determination of magnitude of ponderability of such ES factor in both 
contexts in comparison with the ponderability of etalon pollutant – carbon monoxide CO, namely 
appropriate magnitudes of coefficient of relative aggressiveness of pollutant А(СО2) and А(СО2)gh. 

In present study is proposed following methodica for such assessment.  
For determination of magnitude of coefficient А(СО2) it need to have magnitudes of 

maximum permissible concentrations of etalon (CO) and k-th pollutant in air average day-and-night 
(MPCad(k)) and maximal one-time (MPCot(k)). Since ACO = 1,0, MPCad(СО) = 3,0 mg/m3, 
MPCot(СО) = 20,0 mg/m3 [1], than MCP(СО2) = 9000 mg/m3 (density at normal conditions ρ(СО2) 
= 1,98 kg/m3 and molar mass μ(СО2) = 44 g/mole [1]) and А(СО2) = 0,002.  

For determination of magnitudes of mass hourly emission of carbon dioxide G(СО2) in the study 
is proposed the following approach. Since СО2 is the product of completed combustion of motor fuel 
which in case of petroleum origin consists of different hydrocarbons (in average for diesel fuel it is 
cetane С16Н34) and has the following elemental chemical composition: Сf(C) = 0,87, Cf(Н) = 0,12, Cf(О) 
= 0,01 [1], than the value G(СО2) is completely determined by the values of mass hourly fuel 
consumption Gfuel and degree of completeness of combustion of fuel by carbon that can be determinate 
by formula (2). In formula (2): Gfuel – mass hourly fuel consumption, kg/h; G(CO) – mass hourly carbon 
monoxide emission, kg/h; G(CnHm) – mass hourly unburned hydrocarbons emission, kg/h; G(PM) – 
mass hourly particulate matter emission, kg/h; k(CO2) – coefficient that takes into account the elemental 
chemical composition of motor fuel; С(CO2) – mass fraction of carbon in СО2; С(CO) – mass fraction 
of carbon in СО; С(CnHm) – mass fraction of carbon in unburned hydrocarbons CnHm, С(РМ) – mass 
fraction of carbon in particulate matter PM. Magnitudes of coefficient k(CO2) can be determined at 
condition of complete combustion of motor fuel, that is complete oxidation of carbon in RICE 
combustion chamber up to CO2, and determined by stechiometric ratios by full analogy to the 
coefficient k(SO2) (see [1]). In particular, the reaction of complete oxidation of carbon of motor fuel is 
the formula С + О2 → СО2. That is, if magnitude of molar mass of carbon μ(С) = 12 g/mole, oxygen 
μ(О) = 16 g/mole, carbon dioxide μ(СО2) = 44 g/mole, than the magnitude of coefficient k(CO2) can be 
described by formula k(CO2) = Сf(C)·μ(СО2) / μ(С) = 0,87 · 44 / 12 = 3,2. For determination of 
magnitudes of coefficient k(CnHm) it necessary to obtain the data about average elemental chemical 
composition of unburned hydrocarbons in EG flow of diesel engine. In this study it will be assumed that 
the typical representative chemical compound of unburned hydrocarbons which do not condense in EG 
flow is pentane С5Н12, the magnitude of molar mass of which μ(С5Н12) = 72 g/mole (magnitude of 
molar mass of hydrogen μ(Н)= 1,0 g/mole). That’s why magnitude of value С(CnHm) is described by 
formula С(CnHm) = (n·μ(С)) / μ(СnНm) = = (5 · 12) / 72 = = 0,83. The values of quantities are similarly 
determined – by formulas С(CО) = μ(С) / μ(CО) = 12 / 28 = 0,43 and С(CО2) = μ(С) / μ(CО2) = 12 / 44 
= 0,27. Magnitude of value С(РМ) is described as the sum of carbon content in PM Сsoot(C) and in 
liquid which do condense in EG flow of motor fuel and motor oil origin Сof(C), that is by formula 
С(РМ) = Сsoot(C) + Сof(C) = = 0,43 + (0,10 + 0,29) · 0,87 = 0,77. When analyzing the data from sources 
[1] in was determined that carbon content in the soot of PM Сsoot(C) depends from RICE operational 
regime and equals in average about 43 % mass, content of liquid fraction which do condense in EG flow 
of motor fuel and motor oil origin in PM equals in average about 10 and 29 % mass. That means what if 
magnitudes of mass carbon concentration in motor fuel and motor oil equals 87 % mass than magnitude 
of value Сof(C) = 34 % mass and value С(РМ) = 77,0 %. So, formula (2) converts to formula (3). 
Results of the study are illustrated on Fig. 1. Averaged on operational regimes field of diesel engine 
2Ch10.5/12 magnitudes of value GСO2 equals 7,095 kg/h and changes from 1,419 to 15,463 kg/h. 
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Figure 1 – Distribution of magnitudes of value GСO2 on operational regimes field of diesel engine 2Ch10.5/12  

(ISO 3046-1:2002) (a) and distribution of magnitudes of value GСO2 and other components of formula (15)  
on regimes of testing cycle D2 (ISO 8178-4:2017) (b) 

 
REFERENCE 

1. Kondratenko O.M. (2019), Taking into account the emissions of CO2 as a toxic pollutant and as 
a greenhouse gas in fuel and ecological complex criteria-based assessment of diesel-generator 
operation process, Technogenic and Ecological Safety, № 6(2/2019), pp. 12 – 23.  

 
 
UDC 504.064.4, 621.431 
 

DETERMINATION OF THE INFLUENCE OF CHANGING THE PRESSURE  
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Problem statement and analysis of literature 
The precision of manufacturing of a manual fire barrel (MFB), as shown in [1], has a 

significant impact on the geometric parameters of the trajectory of movement of the water jet as an 
ideal fluid from MFB. At the same time, these parameters are also determined by the value of the 
diameter of the outlet hole of MFB d0 (in m), which varies within the regulatory limits according to 
DSTU 2112-92 [2], and also depends from the angle of inclination of the MFB axis to the horizon 
Θ0. However, the estimation of such influence in previous studies was performed for one steady 
regime of water movement in the MFB, characterized by a constant value of the piezometric height 
H1 (in m) or the pressure P1 (in Pa) of the fluid at inlet hole of the MFB, which determines the 
volumetric flow rate of the fluid through any live section of the MFB Q0 (in m3/s) (as well as the 
hose line and the jet provided by the law of continuity of flow), which in turn determines the value 
of the average speed of the fluid at the live section of the jet at the exit opening of the MFB V0 (in 
m/s). That is, these studies were performed on the assumption that the values of H1 or P1 are 
constant throughout the fire extinguishing process. However, in practice, the values of H1 or P1 are 
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Figure 2 – Graphs of the maximal values of the jet length lmax (a) and the height of the jet hmax (b) 

for the PC-50A from the angle Θ0 for different values of pressure P1 and the dependence  
of the maximum values of the jet length lmax (c) for PC-50A from pressure values P1  

for different values of angle Θ0 
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