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RESULTS OF COMPLEX CRITERIAL FUEL AND ECOLOGICAL ASSESSMENT
OF DIESEL ENGINE 2Ch10.5/12 FOR EMERGENCY AND RESCUE POWER PLANTS

This article describes methodology, modified mathematical apparatus and results of application of prof. Parsadanov
complex fuel and ecological criteria for assessment of ecological safety level of exploitation process of emergency and
rescue equipment which powered with piston ICE on example of autotractor diesel engine 2Ch10.5/12. The study found
that ratio between monetary equivalents of criteria components are vary from mode to mode of testing cycle and
reaches maximum on minimal idling modes. Values of criteria reaches maximum on the mode of nominal power.
Exploitation of diesel engine on loading characteristic with crankshaft speed of maximal torque mode is less preferred,
than its exploitation on loading characteristic with crankshaft speed of nominal power mode. Exploitation of that diesel
engine on modes with zero and low effective power is characterized by extremely low fuel and ecological effectiveness.
Scientific novelty of the research results is that carried out using experimental data of motor bench tests on example of
autotractor diesel engine 2Ch10.5/12, that operates on 13-mode standardized steady testing cycle both for the whole
cycle, and for its individual modes. Practical value of the research results is that with modified mathematical apparatus
can be carried out assessment of ecological safety level of exploitation process of emergency and rescue equipment,
which powered with piston ICE of any type.
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diesel engine.

Problem statement. Exploitation process of
emergency and rescue power plants (PP) units, which are
on combat duty of divisions of the State Emergency Ser-
vice of Ukraine and equipped with diesel piston internal
combustion engines (PICE), obviously, must be charac-
terized by certain ecological safety (ES) level [1 — 3].
The main ES factors for such objects is pollutants mass
hourly emissions with its engines exhaust gas (EG) flow,
legislative established on Ukraine territory requirements
to which contained in [4]. In order to ensuring the neces-
sary ES level of that process was developed correspon-
ding ecological safety management system (ESMS) and
described in [1]. In study [2] was developed evaluation
conception of the ESMS functioning efficiency, which
involves calculated criterial assessment of ES level of PP
with PICE exploitation process, and formulated main
requirements for such criteria.

Analysis of the recent researches and publicati-
ons. But in specialized science and technical literature
unitary approach to ES level complex assessment of such
objects exploitation process vas not find and that puts the
actual task of developing of methodological basis and
mathematical apparatus for such assessment [2, 3]. Most
close to meet requirements to that criteria from number
of known is prof. Parsadanov complex fuel and
ecological criteria Kgg, which vas developed for assess-
ment of current competitiveness level of diesel PICE and
activities for its increasing [5]. Calculated assessment of
fuel and ecological effectiveness of PP exploitation
process, the results is present in these paper, carried out
for example of autotractor diesel engine 2Ch10.5/12,
description and technical characteristics of which are
given in [6]. Initial data for calculated assessment were
obtained in studies [7, 8].

Purpose of the study is calculated assessment of ES
level of exploitation process of emergency and rescue
PP, based on PICE, with using complex fuel and ecolo-
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gical criteria on example of autotractor diesel
engine 2Ch10.5/12.

Obiject of the study is ES level of exploitation process
of emergency and rescue PP with PICE.

Subject of the study is values of complex fuel and
ecological criteria, which describes object of the study.

Tasks of the study is:

1. Analysis of methodic and mathematical apparatus
of prof. 1.V. Parsadanov complex fuel and ecological cri-
teria.

2. Modification of mathematical apparatus of Kgg cri-
teria in order to be able assess its value for the individual
representative modes of the diesel operation in its
exploitation model.

3. Obtaining the initial data for calculated assessment
of K criteria values.

4. Calculated assessment of ES level of exploitation
process of emergency and rescue PP with PICE on ex-
ample of autotractor diesel engine 2Ch10.5/12 for regi-
mes of 13-mode standardized steady testing cycle.

5. Analysis of results of the study.

Methods of the study is analysis of specialized scien-
ce and technical literature, processing of motor bench ex-
perimental testing data, calculating of middle exploi-
tation values of technical, economical and ecological di-
esel engine operational indicators, mathematical appara-
tus of prof. Parsadanov complex fuel and ecological cri-
teria.

Statement of the problem and its solution.
Mathematical apparatus of prof. Parsadanov complex
fuel and ecological criteria Kgg described in [5] and
assumes calculation middle exploitation value, that is,
the only for separately taken exploitation model. For
separately  taken individual representative i-th
operational regime of exploitation model it apparatus can
be modified and described by following formulas
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where index i represent i-th operational regime of explo-
itation model; A, — motor fuel lower heat of combustion
(H, = 42,7 MJ/Kg [5]); Nei — diesel engine effective po-
wer, KW; Gy, —mass hourly fuel consumption by diesel
engine, kg/h; G — mass hourly pollutant emission with
diesel engine EG flow, kg/h; A, — dimensionless index
of relative aggressiveness of m-th pollutant as a EG
component (Anox = 41,1; Apy = 200; Acprm = 3,16;
Aco= 1,0 [5]); h — number of legislative normalized
pollutants in EG (h = 4 [1, 4, 5]); 8 — dimensionless
index of relative dangerous of pollution for various
territories (for vehicle diesel engine & = 1,0, for tractor
diesel engine & = 0,25 [5]); f — dimensionless
coefficient, which taking into account the character of
EG dispersion in atmosphere (for Ukraine territory
f=1,0 [5]); o — dimension coefficient for converting
scoring assessment of damage in the monetary (¢ = P;
[5]); WF; — weight factor operational mode in ex-
ploitation model (relative lobar engine run time on i-th
polygon of exploitation model); n. — effective efficiency
coefficient of diesel engine; B — coefficient of relative
exploitation ecological monetary costs; Z,, Zs and Zg —
ecological damage compensation monetary costs, motor
fuel monetary costs and total fuel and ecological
monetary costs, $/(kW-h); g, — specific effective mass
hourly fuel consumption by diesel engine, kg/(kW-h);
Ps — price of motor fuel mass unit (results of choice of
monetary equivalents units of K criteria components
given in [2], P = 0,871 $/kg at Ps =20,0 UAH/I,
pr=0,85 kg/m® and currency exchanging course at
December 2016 27,0 UAH/$); M,,; — torque of diesel
engi?e, N-m; n,; — crankshaft speed of diesel engine,
min™.

Formulas (1)-(3) for whole diesel engine
exploitation model formed in following formula [5].
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where 1. me — middle exploitation values of effective ef-
ficiency coefficient of diesel engine; g.me — middle ex-
ploitation values of specific effective mass hourly fuel
consumption by diesel engine, kg/(kW-h); Ug; — ecologi-
cal damage compensation monetary valuation, $/kg;
pr.; — Specific effective mass hourly pollutant emission
by diesel engine, kg/(kW-h); Z. i Z; — middle
exploitation values of ecological damage compensation
monetary costs, motor fuel monetary costs, $/(kW-h).

Features of engine test bench and methodic of expe-
rimental researches with it, which are used for determi-
nation of 2Ch10.5/12 diesel engine and its DPF operati-
onal characteristics in articles [1, 7, 8], involves the fol-
lowing activities. Firstly, the Gpy; value in kg/h for i-th
exploitation mode obtained with using following known
conversion formula, which described and grounding in
the study [5], depended on value of light flow weaken-
ing coefficient in EG probe Np (indicator of EG opaci-
ty), %, unburned hydrocarbons of motor fuel and oil
C.H:, volume concentration in EG flow Ccy, ppm, mass
hourly consumption of fuel and air G, i Gy, kg/h
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Secondly, values of mass hourly emissions of NO,,
CiHi and CO Gunox, Gmen and Gpco in kg/h converts
from experimentally obtained values of volume concen-
trations in EG probe Cynox Crcoi and Cpcpumi in ppm
with using methodic in [5] by following formulas, whi-
ch taking into account correction coefficients of labora-
tory air humidity Fyox and Fco;.
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where d = 5,367 g/kg — mass concentration of water ste-
am in air; @ = 50% - relative air humidity;
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By =995 hPa — barometric pressure; P = 17,052 hPa —
water vapor saturated pressure; to = 15 °C — temperature
of environmental air.

Diesel engine 2Ch10.5/12 is autotractor naturally as-
pirated two-cylinder in-line four-stroke two-valve air-
cooled piston internal combustion engine with internal
mixture formation and compression ignition; with tradi-
tional trunk-piston axial crankshaft mechanism, cylinder
diameter 105 mm, piston stroke 120 mm, piston-rod le-
ngth 270 mm, working volume 2.0 I, compression ratio
16.5; with nominal power 21 ; kW (at ni = 1800 min'l),
maximal torque 111.;6 N'm (at nes =1200 min'), middle
exploitation specific mass hourly fuel consumption 235
g/(kW-h); with direct injection in undivided semispheri-
cal combustion chamber in piston by one-plunger high-
pressure fuel pump of distributional type with all-regi-
mes mechanical regulator and hydromechanical nozzles;
with weight 280 kg, external dimensions 693x687x855
mm; with starting from the starter; made by Vladimir
Tractor Plant. It using on tractors, automotive chassis,
selecting combines, asphalt and concrete placers, mobile
electric welding, water pump and air compressor stati-
ons [6].

Parameters of 13-mode standardized steady testing
cycle as an autotractor diesel engine exploitation model
describing in UNECE Regulations Ne 49 [4] and shown
on table 1. Legislative established on Ukraine territory
requirements to PP with PICE ES level indicators in his-
torical dynamic shown on table 2. [1].

Table 1 — Parameters of 13-mode standardized steady
testing cycle and its values
for diesel engine 2Ch10.5/12 [1, 4, 5]

No ng, min’ My, N'm
of designation value | designation | value WF
mode at regime of % Mrmax
13-mode cycle

1 minimal idle 800 0 0 0,25/3
2 maximal torque | 1200 2 2,2 0,08

3 maximal torque | 1200 25 27,5 0,08

4 maximal torque | 1200 50 55 0,08

5 maximal torque | 1200 75 82,5 0,08

6 maximal torque | 1200 100 110 0,25

7 minimal idle 800 0 0 0,25/3
8 nominal power | 1800 100 95 0,10

9 nominal power | 1800 75 71,3 0,02

10 nominal power | 1800 50 475 0,02

11 nominal power | 1800 25 23,8 0,02

12 nominal power | 1800 2 19 0,02

13 minimal idle 800 0 0 0,25/3

Table 2 — Legislative established requirements of
ecological indicators of diesel engines [1, 4, 5]

Specific mass hourly emission
| Ve | orpoluan. g

PM NOy | CiHm | CO
| 1992 0,612 8,0 11 4,5
Il 1996 0,25...0,15 7,0 11 4,0
1l 2000 0,10 5,0 0,66 2,1
v 2005 0,02 35 0,46 15
\ 2008 0,02 2,0 0,25 15
Vi 2012 0,01 0,5 0,2 1,0

In monograph [5] Kge criteria values and its com-
ponents B, Z,, Z; and Zg, was assessed for different
models of exploitation as a whole, but not for its
individual modes. These due to presents in that

34

exploitation models regimes with zero (idling) and low
effective power. For idling regimes Ng; — 0 kW and
therefore n, — 0, g. — o kg/(kW-h) and Z, Z;, Zz —
0 $/(kW-h), B — 1 and Kz — 0 (see formulas (1) — (3)).
For regimes with low effective power Kge criteria values
are not informative.

For obtaining opportunities of assessment Kge criteria
values for individual regimes of exploitation models in
present paper propose the following method. It is necessary
to use interpretation of the term “idle run” is not in adopted
in engine theory, but in the engine operating practices as a
part of the PP. In this case, the on idling run engine
produces non zero effective power that is spent on the
needs of secondary energy consumers of PP and on
providing comfortable working conditions for the PP
operator. The first-mentioned case includes charging an
electric battery, powering electronic control systems,
powering hydraulic and pneumatic servo systems end
others. The second-mentioned case includes lighting of
workplace and passenger compartment, powering light
indicators and control panel, powering air conditioning,
multimedia and navigation systems system, end etc.

Then we take the following assumption: the effective
power Ng on the idle run regime of engine operating
models defined by the formula (4), in which the torque M,
is equal to 1 % of the maximum diesel torque (110 N-m),
and crankshaft speed n,,; equal to the crankshaft speed of
minimal idling regime (900 min™), that is for diesel
2Ch10.5/12, itis equal to 46.1 W.

Results of calculated assessment, which based on
experimental data obtained in [7, 8] (presented on
fig. 1-3), for autotractor diesel engine 2Ch10.5/12 and, that
operates on 13-mode standardized steady testing cycle,
shown on Fig. 3 and 5.

From the Fig. 2 and 3 we can see, that that ratio bet-
ween monetary equivalents of compensation of ecological
damage costs Z., motor fuel costs Z; and total fuel and
ecological costs Z are vary from mode to mode of testing
cycle and reaches maximum on modes of minimal idling
(modes Ne 1, 7, 13).

Values of Kgg criteria without taking into account we-
ight factor value WF reaches maximum on the mode of
nominal power (mode Ne 8) and with taking into account
WF value — on the mode of maximal torque (mode Ne 6).

Exploitation of diesel engine 2Ch10.5/12 on loading
characteristic with crankshaft speed of maximal torque
mode (modes Ne 2-6) by Kge criteria value is less prefe-
rred, than its exploitation on loading characteristic with
crankshaft speed of nominal power mode (modes Ne 8-12).

Exploitation of that diesel engine on modes with zero
effective power (modes Ne 1, 7, 13) and also on modes
with low effective power (modes Ne 2, 12) is characterized
by extremely low fuel and ecological effectiveness.

Middle exploitation value of K criteria (e.i. with ta-
king into account distribution of value WF by modes of
testing cycle) is 43.989-10%, and middle value (e.i. in case
of equality of value WF for all modes of model of diesel
engine exploitation) is 41.204-10°,

Conclusions. Thus, in present study describes metho-
dology, modified mathematical apparatus and results of
application of prof. Parsadanov complex fuel and eco-
logical criteria and its components.

The study found that ratio between monetary equiva-
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lents of criteria components are vary from mode to mode With modified mathematical apparatus can be carried
of testing cycle and reaches maximum on minimal idling out assessment of ecological safety level of exploitation
modes. Values of criteria reaches maximum on the mode process of emergency and rescue equipment, which
of nominal power. Exploitation of diesel engine on loading powered with piston ICE of any type, and in what is
characteristic with crankshaft speed of maximal torque practical value of results of the study. The study carried
mode is less preferred, than its exploitation on loading out using experimental data of motor bench tests on ex-
characteristic with crankshaft speed of nominal power ample of autotractor diesel engine 2Ch10.5/12, that opera-
mode. Exploitation of that diesel engine on modes with tes on 13-mode standardized steady testing cycle both for
zero and low effective power is characterized by extremely the whole cycle, and for its individual modes, and in what
low fuel and ecological effectiveness. is scientific novelty of results of the study.
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Figure 1 — Initial data for calculated estimation of values of complex fuel and ecological criteria Kge for diesel engine
2Ch10.5/12 and 13-modes testing cycle, experimentally obtained in [7, 8]
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Figure 2 — Initial data for calculated estimation of values of complex fuel and ecological criteria Kee for diesel engine
2Ch10.5/12 and 13-modes testing cycle, experimentally obtained in [7, 8]
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Figure 3 — Initial data for calculated estimation of values of complex fuel and ecological criteria Kee for diesel engine
2Ch10.5/12 and 13-modes testing cycle, experimentally obtained in [7, 8]
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Figure 4 — Results of calculated quantitative estimation of complex fuel and ecological criteria K for diesel engine
2Ch10.5/12 and 13-modes testing cycle
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Figure 5 — Results of calculated quantitative estimation of components of complex fuel and ecological criteria Kgg for
diesel engine 2Ch10.5/12 and 13-modes testing cycle
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C. O. Bam004b,0. M. Konaparenko

PE3YJbTATH KOMIIJIEKCHOI'O KPUTEPIAJIBHOI'O ITAJIMBHO-EKOJIOTTYHOI'O OIIHIO-
BAHHS JIU3EJBHOI'O JABUI'YHA 24Y10,5/12 JJS ABAPIMHO-PATYBAJIbHUX EHEPTETHYHHX
YCTAHOBOK

VY wiit craTTi ONKMCaHO METOJMKY, MOAM(DIKOBaHMH MaTeMaTUYHUI anapaT Ta pe3yJIbTaTH 3aCTOCYBaHHS KOMILIEKC-
HOTO MaJMBHO-EKOJIOTiuHOTrO KpHrepito npod. 1.B. [TapcaganoBa asist oniHIOBaHHS PiBHS €KOJIOTIYHOI O€3eKH Mmpouecy
eKCILTyaTalil aBapiifHO-pATYBaJIbHOI TEXHIKH, IO YKUBUTHCS MOpInHeBUM /B3 Ha mpukiazi aBTOTPaKTOPHOTO JTU3EIs
2410,5/12. JocmimkeHHs MOKa3aJio, MO CIiBBiTHONICHHS MK 3HAYCHHSIMHU BapTiCHUX €KBIBAJICHTIB KOMIIOHECHTIB KPH-
TEPIf0 € 3MIHHUMH TI0 PEKUMAX BUIPOOYBATHFHOTO IIUKIIY 1 CATAIOTh MAKCUMYMIB Ha peXMMaX MiHIMAIBHOTO XOJIOCTO-
T'O XO/y. 3HaYeHHs caMOT0 KPUTEPIIO CATaloTh MAKCHMyMY Ha PeXXHMi HOMIHAIBHOI ITOTYKHOCTI. EKcIutyaramis auzens
Ha HaBaHTAXYBAJIbHIA XapaKTEPHUCTHII 3 YACTOTOI0 0OEpTaHHS KOJIHYACTOTO Baly PEXKUMY MAaKCHMAIBHOTO KPYTHOTO
MOMEHTY € MEHII 0a)KaHOIO, aHDK MOT0 eKCIUTyaTallisi Ha peKMMax HaBaHTAXKYBaJbHIM XapaKTEPHUCTHIN 3 YaCTOTOIO
o0epTaHHs KOJIIHYACTOTO Bally PEeXUMY HOMIHAJIBHOI MOTY)XHOCTI. EKcIuTyartalis mporo Qu3eisi Ha peXuMax 3 HyJIbO-
BOIO Ta MIHIMAJIBHOIO €(EKTUBHOIO MOTYKHICTIO XapaKTEePU3y€eThCsl BKPail HU3bKOI MaJMBHO-EKOJIOTTYHOIO e()eKTHB-
HicTio. HaykoBa HOBH3HA OTpHMaHHUX PE3yJITATIB MOJSrac B TOMY, LIO BIIEpIIE 3aCTOCOBAHO KOMILJICKCHHIA MaIUBHO-
€KOJIOTTYHMI KpUTEpil ajst aBToTpakTopHoro ausens 2Y10,5/12 3 BUKOPHCTaHHSIM €KCHEPHUMEHTANBHUX JIaHUX CTEH-
JIOBUX MOTOPHHX JOCIHI/PKEHb 32 OKPEMHMH pPeXHUMaMH |3-peKMMHOTO CTaHIapTU30BAHOTO CTAaIliOHAPHOTO BHUIIPOOY-
BaJIBHOTO IUKJITY 1 JUIS BChOTO IUKITY. [IpakTniHe 3HaYeHHS OTPUMAaHKUX Pe3yJIbTaTiB MOJISrae B TOMY, IO 3 BUKOPHCTa-
HHSIM MOJM(IKOBAHOTO MAaTEMaTHYHOTO anapaTy CTa€ MOXIIMBHM OIIHIOBaHHS PIBHS €KOJIOTIYHOI Oe3leKu mporecy
eKCIITyaTallil aBapiifHO-PATYBAIBHOI TEXHIKH, IO )KUBUTHCS mopurHeBuM [IB3 Oynp-sKoro THITy.

Ki11040Bi c10Ba: TeXHOT€HHO-EKOJIOTiYHA Oe3reKa, KOMIIEKCHE KpUTepiajabHe OLIHIOBAHHS, aBapifHO-pATyBalIbHA
TeXHiKa, AN3ENbHUN ABUTYH.

C. A. Bam6ouas, A. H. Kongpatenko

PE3VJIBTATbBI KOMIUIEKCHOI'O KPHUTEPHUAJIBHOI'O TOIVIMBHO-3KOJOI'NMYECKOI'O
OIIEHMBAHUSI JU3EJIBHOI'O JIBUTATEJISI 24Y10,5/12 JJISI ABAPHMHO-CIIACATEJBHBIX
JHEPTETUYECKHUX YCTAHOBOK

B naHHOH cTarbe onmmcaHa METOJAMKA, BUJIIOM3MEHEHHBI MaTeMaTU4ECKHH amnmapaT U pe3yJbTaThl PUMEHEHUS
KOMILUTEKCHOTO TOIUIMBHO-3KOJIOTHUecKoro Kputepus npod. M.B. [NapcamanoBa mis ONCHKH YPOBHS DKOJOTHYECKOU
0C30MaCHOCTH MPOIEcca IKCILTyaTallui aBapHHHO-CIIACATEIbHOW TEXHUKH, OCHAICHHOW nmopiHeBbiM JIBC Ha npume-
pe aBToTpakTopHOoro amsens 2U10,5/12. UccnenoBanue mokas3aio, YTO COOTHOIICHHE MEXIy 3HAUCHHUSIMU CTOUMOCT-
HBIX 9KBUBAJICHTOB KOMIIOHEHTOB KPUTEPUS ABIISIOTCS MEPEMEHHBIMU MO PEXUMAM UCTBITATEILHOTO UKJIA U IOCTHra-
0T MaKCUMYMOB Ha PEXXHMaX MUHUMAJIBHOIO XOJIOCTOr0 X0Aa. 3HAUEHHUE CaMOr0 KPUTEpHUsl JOCTUTal0T MaKCUMyMa Ha
peXrMe HOMHHAIBHON MOIIHOCTH. DKCIUTyaTalis JU3eisl Ha Harpy309YHON XapaKTEePHUCTHKE C YaCTOTOW BpaICHHS
KOJIEHYATOr'0 Bajla PeKMMa MaKCUMAaJIbHOI'O KPYTALIETO0 MOMEHTA MEHEE MPEANOUYTUTEIbHA, YEM €T0 JKCILTyaTaluus Ha
peXumMax Harpy304HOM XapaKTEpUCTHKE C YACTOTOM BpalIEHHs KOJEHYATOIo Bajla PEKMMa HOMHUHAIBHOW MOIIHOCTH.
DKcIUTyaTalys 3TOr0 IU3Esd Ha PeXUMax ¢ HYJICBOH M MUHHUMAIbHOH 3(G(EKTHBHONH MOIIHOCTHIO XapaKTePU3YETCs
KpaliHe HM3KOHM TOIUIMBHO-3KOJIOrHYecKoi dddekrtuBHOCThI0. HayuHas HOBU3HA MOJIYYEHHBIX PE3YJIBTaTOB COCTOHMT B
TOM, YTO BIIEPBBIC MPHUMEHEH KOMIUIEKCHBIH TOIUITMBHO-DKOJIOTHUECKUN KPUTEPUN IJIsl aBTOTPAKTOPHOTO U3
2410,5/12 ¢ ucnonp30BaHUEM SKCIIEPUMEHTATBHBIX TAHHBIX CTCHIOBBIX MOTOPHBIX HUCCIICAOBAHUMA MO OTACIBHBIM pe-
JKUMaMu 13-peKUMHOTO CTaHAAPTU3UPOBAHHOTO CTAIIMOHAPHOTO UCHBITATENBHOTO IUKJIA, a TaKXkKe AJsl BCEro ILMKIIA.
IIpakTruyeckoe 3HaUCHUE TTOTYUYEHHBIX PE3yIbTaTOB COCTOUT B TOM, UTO C MCIOJIb30BAaHHEM BHJIOM3MEHEHHOTO MaTeMa-
TUYECKOTO allapara CTAHOBUTCS BO3MOXKHBIM OIICHUBAHHE YPOBHSI IKOJIOTHYECKON 0E30MacHOCTH IpoIecca IKCILTY-
aTalnu aBapUIHO-CIIacaTeIbHOW TEXHUKH, OCHAICHHOH nopirHeBsM JIBC mro6oro tuma.

KiaroueBble cJI0Ba: TEXHOTCHHO-IKOJOTHYECKasi OE30MACHOCTh, KOMIUICKCHOE KpPUTCPHUAIFHOE OIICHHUBAHME,
aBapHilHO-criacaTenbHasi TEXHUKA, IU3EJIbHBIN IBUraTENb.

38



