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INVESTIGATION OF RELATIONSHIP BETWEEN COEFFICIENTS OF OPERATION
EFFICIENCY OF DIESEL PARTICULATE MATTER FILTERS OF DIESEL ICE.
PART 1: PARTICULATE MATTER EMISSION AND OPACITY

This article describes the results of analysis and numerical study of prof. I.V. Parsadanov conversion formula as the
one of relevant issues of the metrological features of determination of PM mass hourly emission of piston ICE on the
testing bench without dilution tunnel. Purpose of the study is detection of relationship between magnitudes of cle-
aning efficiency coefficients of particulate matter filter of diesel piston ICE for opacity and emission of particulate
matters with using of conversion formula for whole diapason of changing of influencing factors. It was showed that
the magnitudes of values of efficiency coefficients of operation of particulate matter filter of diesel internal combus-
tion engine for indicators of opacity and concentration of unburned hydrocarbons in exhaust gas which was obtained
by direct measurements during bench motor tests and also mass hourly emission of particulate matter in exhaust gas
flow which was obtained with using of the conversion formula, is not equal to each other for every individual opera-
tional regime of diesel engine. Calculation assessment and graphical illustration of relationship between magnitudes
of this coefficients for opacity and emission of particulate matter for whole diapason of changing of influencing fac-

tors was carried out.

Introduction

The process of accident-free exploitation of pow-
er plants, namely vehicles, with piston internal com-
bustion engine (PICE), namely diesel, is characterized
by certain indicators of its ecological safety level [1].
One of the main of legislative normalized indicators of
that level is mass hourly emission of particulate matter
(PM) in exhaust gas (EG) flow Gpm in kg/h [2]. The
methodological basis of ensuring of necessary ecologi-
cal safety level of the process is appropriate ecological
safety management system (ESMS) that was developed
and described in [1, 3]. The main manner for solving of
the task is decreasing of magnitude of Gpm by the way
of processing of EG flow (neutralization), namely puri-
fication of EG flow from PM (filtration), and also the
main instrument for such solving is diesel particulate
matter filters (DPF) of different constructions [1]. Effi-
ciency of functioning of ESMS should be assessed
complexly with using of different known criteria based
mathematical apparatuses [4], which should takes into
account the value of Gpwm.

Problem statement

The value of Gpwm in accordance to normative do-
cuments should be obtained by experimental way thru
using of gravimetric method and such measuring in-
struments as full- of partial-flow dilution tunnels [4]. It
should be noted that cost of such complexes of measur-
ing instruments of foreign manufacturing are in range
from two hundreds to two millions US dollars. But
nowadays in Ukraine there are only two such complex-
es and only one of them are certificated. It means that
the most of scientists who works within ICE field of
knowledge such measuring instruments is not available.

In connection of worded above problem the wide-
spread becomes the conversion formulas of different
types that allows to converts the magnitudes of indica-
tors of opacity (coefficient of weakening of light flux
Np in %) and toxicity (volume concentration of un-

burned hydrocarbons Ccn in ppm) of EG into the mag-
nitudes of Gpm value. Thus we are talking about the
usage of readings of other measuring instruments that
are more affordable and less expensive, namely opaci-
meters (around 2 thousand US dollars) and multicom-
ponent gas analyzers (around 3 thousand US dollars).
There are several known conversion formulas — Par-
sadanov [2], Alkidas [5], Muntean [6], MIRA [7], but
the most widespread in Ukraine is the first of them.

The degree of purification of PICE EG flow from
legislative normalized pollutant, namely PM, with us-
ing of aggregate of vehicle EG neutralization system,
namely DPF, is characterized by magnitude of appro-
priate cleaning efficiency coefficient Kce [1]. In case
when such device executes the purification of PICE
EG flow from several pollutants simultaneously, albeit
with different efficiency, than interest of scientific and
technical kind is the task about relationship between
magnitudes of values of cleaning efficiency coeffi-
cients for different types of pollutants.

In case when the one ecological safety indicators
of studied process forms the others and connected with
each other by appropriate conversion formulas then
worded above task takes the nature of methodical and
instrumental errors [1] what are the relevance of the
study. Besides the additional relevance such to the
study gives the results of intensive development of
alternative energetic, namely solar energy technologies
that based on photovoltaic converters which based on
nanostructured semiconductor materials [8 — 10].

Purpose of the study

Detection of relationship between magnitudes of
cleaning efficiency coefficients of DPF for opacity and
PM emission with using of conversion formula. Object
of the study is efficiency of operation of system of neu-
tralization of legislative normalized pollutants in diesel
PICE EG flow, namely DPF. Subject of the study is re-
lationship between magnitudes of indicators that char-
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acterized object of the study which connected with
each other by conversion formula.

Analysis of publications

In studies [1, 3] was developed ESMS of exploi-
tation process of vehicle with PICE; in study [2] was
proposed the conversion formula that developed based
on results of analysis of data from certification tests of
autotractor diesel engine SMD-31 on motor testing
bench of Ricardo firm that equipped with full-flow
dilution tunnel of AVL firm; in study [4] was investi-
gated the certain metrological features of the conver-
sion formula with using of mathematical apparatus of
Pierson curves family; in studies [5 — 7] was proposed
the other conversion formulas; in studies [8 — 10] con-
tains the features of obtaining and researching of prop-
erties of nanostructured semiconductor materials based
on InP, GaP and GaAs; in studies [11, 12] showed the
experimentally obtained data about operational charac-
teristics of DPF of nontraditional construction that used
in this study as initial data for calculations and detects
the differences in magnitudes of cleaning efficiency
coefficients of DPF for opacity, emission of PM and
unburned hydrocarbons in diesel PICE EG flow.

Analysis and calculated investigation of
prof. 1.V. Parsadanov conversion formula

The said conversion formula that described in
monograph [2] and was transformed in this study for
greater clarity has the following form.

Gen = (a-Np +b-N3 +¢-Cepy +d-CZ )k, kgh; (1)
a =2,3-10° kg/(h-%); b =5,0-10° kg/(h-%?);
c=0,45-f , kg/(h-ppm); d =0,33- f2 kg/(h-ppm?);
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where Gt and Gair — mass hourly fuel and air consump-
tion of PICE, kg/h.

In accordance with results of motor bench tests of
autotractor diesel engine 2Ch10.5/12 exhaust system of
which equipped with DPF that given in studies [11, 12]
we can conclude the following points:

— magnitude of the value Np changes in the range
from 10 % (regime of minimal idle — regime A) to 72
% (regime of maximal torque — regime B);

— magnitude of the value Ccy changes in the ran-
ge from 35 ppm (regime B) to 250 ppm (regime A);

—magnitudes of the values Kce(Gpm), Kce(Nb)
and Kce(Ccr) are not equal each other for the same ste-
ady PICE operational regimes (points of PICE opera-
tional regimes field);

— magnitudes of the values Np and Ccx has nonli-
near impact on magnitude of the value Gpm because in
formula (1) these values are both in the first and in the
second degree;

—magnitude of the value Np in the range that ob-
served on motor test bench has much more significant
impact on the value Gpm than the magnitude of the va-
lue Ccn.

Equation (1) is illustrated on Fig. 1 in form of iso-
lines family with constant magnitudes of influencing
factors.
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Fig. 1. Isolines of dependences of magnitude of mass hourly PM emission in PICE EG flow Gem from the magnitudes of values
coefficient of weakening of light flux Np (a) and volume concentration of unburned hydrocarbons in EG flow Cch (b)
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Analysis of relationship between magnitudes of
operation efficiency coefficients of DPF for opacity
and PM emission

The data that experimentally obtained during
bench motor tests of operational characteristics of DPF
which was developed with the participation of the au-
thor of this study showed in studies [11, 12] and was
used in the study as initial data.

Under the term “DPF operational efficiency coef-
ficient for opacity, PM and unburned hydrocarbons
emission” we understand the values that described by
formulas (4) — (6).

KCE(GPM ): (GPM.ICE _GPM.DPF )/GPM.ICE -100% 1(4)
KCE(ND): (ND.ICE - ND.DPF )/ ND.ICE ‘100%1 (5)

Kee(Cen )= (Cen.ice —Ceropr )/ Coruice -100%, (6)

where indexes DPF and ICE marks the values for the
cases of PICE exhaust system of which equipped and
not equipped with DPF respectively.

—studied DPF improves simultaneously indica-
tors of EG opacity (Np) and EG toxicity (Ccw), but
together with declination of indicators of PICE fuel
efficiency (from 5.2 % (regime A) to 3.7 % (regime
B)) because it has the hydraulic resistance (from
5.2 kPa (regime A) to 11.4 kPa (regime (B)));

— magnitude of the value Kce(Gpm) changes in the
range from 75 % (regime B) to 32 % (regime A);

— magnitude of the value Kce(Np) changes in the
range from 62 % (regime B) to 28 % (regime A);

— magnitude of the value Kcg(Ccr) changes in the
range from 9 % (regime B) to 14 % (regime A);

— magnitude of the value Gpm changes in the
range from 22.7-1073 kg/h (regime B) to 2,7-10- kg/h
(regime A).

Dependences of magnitudes of the values Kce(Gpm)
and Kce(Np) from magnitude of the value Np,ce at in-
variant magnitude of the value Np ppr for different dia-
pasons of values of readings of opacimeter is presented

From the results of analysis of data from studies on Fig. 2.
[11, 12] we can conclude the following points:
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Fig. 2. Dependences of magnitudes of the values Kce(Gem) and Kce(Nbp) from magnitude of the value Np.ice
at invariant magnitude of the value Np.opr for different diapasons of values of readings of opacimeter
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On the Fig. 2 it can be seen that magnitude of the
values Kce(Gpm) and Kee(Np) in case of invariant va-
lues of readings of opacimeter and presence of DPF
No.orr are depends from the values of readings of
opacimeter and absence of DPF Np,ce nonlinearly and
also curvature of them decreases almost to zero due to
decreasing of the value Npppe as well as difference
between magnitudes of the values Kce(Gpm) and
Kce(Np) that also increase due to increasing of value
Np.ice.

On the Fig. 3 there are curves of dependences of
relationship between magnitudes of values Kce(Gewm)
and Kce(Np) from magnitudes of values Np.ce (readin-
gs of opacimeter) at constant magnitude of value Ccy
(readings of gas analyzer) that averaged on the step
ANp = 10 % for whole diapasons of change of magni-
tude of influencing factors Np.jce = 0 — 100 % and Ccx
= 0 — 5000 ppm. Also on Fig. 3 showed the depend-
ence of value ANp/Np from value Np ce.

On the Fig. 4 there are curves of dependences of

relationship between magnitudes of values Kce(Gewm)
and Kce(Np) from magnitudes of values Np.ice at cons-
tant magnitude of value Ccy = 0 ppm and constant
magnitude of value Np ppr and Np = 0 — 100 %.

Thus, the Fig. 2 shows, that magnitudes of value

Kce(Np) always less than magnitudes of value
Kce(Gpm) It means that in the case of assessment of
DPF operational efficiency with using of the magnitu-
des of value Kce(Np) such efficiency will always be
undervalued in comparison with the case of using of
magnitudes of value Kce(Gpwm). The magnitude of such
effect depends from magnitudes of value Np.ce (there
is direct correlation) as well as from magnitudes of
value Np ppr (there is reverse correlation).
The qualitative aspects of that effect which was de-
termined on the Fig. 2 can be assessed quantitatively
based on data shoved on the Fig. 3. It can be seen that
the magnitude of such effect depends from magnitudes
of value Ccy and reaches of its maximum 168 % at Ccn
=0 ppm, Np.ice = 100 % and KCE(ND) = ANp = 10 %.
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Fig. 3. Curves of dependences of ratio between magnitudes of values Kce(Gem) and Kce(Nb) from magnitudes of values Np.ice
at constant magnitude of value Ccy that averaged on the step ANp = 10 % for whole diapasons of change of magnitude
of influencing factors Np.ice = 0 — 100 % and Ccr = 0 — 5000 ppm

On the Fig. 3 can bee seen that magnitude of ratio
of coefficients Kce(Gpm)/Kce(Np) on every selected
step ANp = Np.ce — Npppr = 10 % has nonlinear de-
pendence from magnitudes of the value of Np,ce and
increase with it at any magnitudes of the value Ccn.
The border curve at Ccy = 0 ppm is not contain the
points with magnitudes less than 1.0 and maximum
value 1.68 the observed ratio reaches at Npice =
100 %. Curvature of isolines decreases with increasing
of magnitude of the value Ccx and at Ccy = 500 ppm
comes to naught. Influence of magnitudes of the value

Ccrn On magnitudes of the value observed ratio until
Ccrn = 500 ppm with increasing of magnitudes of the
value Np.ice are declining and at Ccx > 500 ppm on the
contrary — rises. When Ccx > 0 ppm the observed ratio
can take on values that less than 1.0 at with well-
defined magnitudes of the value Npice. The coordi-
nates of the points of equality of magnitudes of the
values KCE(Gpm) and KCE(ND), that is Np.ce and Ccpy,
has direct correlation together. From certain magnitude
of the value Ccx (about 900 ppm) the value of ob-
served ratio always has magnitudes less than 1.0.
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The curve dx/x on the Fig.3 is the ratio
ANp/Np.ice and reflexes the relative value of contribu-
tion of selected step of decreasing of absolute value of
opacity of EG flow with using of DPF that detected as
the difference in readings of opacimeter on the back-
ground of the current level of indicators of PICE EG
opacity.

At worded above diapasons of values Npce and
Ccr the ratio Kce(Gem)/Kce(Np) mostly has magnitudes
more than 1.0.

On the Fig. 4 can be seen, that ratio of the values
Kce(Gem) and Kce(Np) at constant values of readings of
opacimeter and presence of DPF in PICE exhaust sys-
tem Np ppr are depends from values of readings of opa-
cimeter and absence of DPF in PICE exhaust system
Nb.ice nonlinearly for the case of when Np.ice > Np.opr
and Ccy = 0 ppm and always greater than 1.0 (that is
belongs to the range 1.0 — 1.68) and increases with ris-
ing of value Np.opr and declining of value Npice.
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Fig. 4. Curves of dependences of relationship between magnitudes of values Kce(Gpm) and Kce(Np) from magnitudes
of values Np.ice at constant magnitude of value Ccx = 0 ppm and constant magnitude of value Np.opr and No =0 — 100 %

Conclusions

Thus, in this study were analyzed and numerical
investigated the conversion formula of prof. I.V. Parsa-
danov about the influence of indicators of PICE EG
opacity and toxicity on magnitude of value of PM mass
hourly emission in diesel engine EG flow.

It was showed that the magnitudes of values of
efficiency coefficients of operation of DPF of diesel
ICE for indicators of opacity and concentration of un-
burned hydrocarbons in EG which was obtained by

direct measurements during bench motor tests and also
mass hourly emission of PM in EG flow which was
obtained with using of the conversion formula, is not
equal to each other for every individual operational
regime of diesel engine.

Calculation assessment and graphical illustration
of relationship between magnitudes of this coefficients
for opacity and emission of PM for whole diapason of
changing of influencing factors was carried out.

The research was carried out in the framework of
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scientific work of young scientists, which is carried out
at the expense of the general fund of the state budget of
Ukraine of Berdyansk State Pedagogical University
«Development of technology for assessing the quality
and safety of nanotechnologies products during their
life cycle» (State Registration Ne 0117U003860, 2017 —
2018) and also science and research work of Applied
Mechanic Department of National University of Civil
Protection of Ukraine «Methodological support for cri-
teria-based assessment of ecological system manage-
ment system of power plants of emergency rescue ve-
hicles functioning process efficiency» (State Registrati-
on Ne 0117U003860, 2017 — 2018).
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JOCJIAKEHHA CIIIBBIJHOINEHHSA KOE®INIEHTIB EGEKTUBHOCTI POBOTH ®1LJIBTPA TBEPAUX
YACTUHOK JU3EJBHOI'O JIB3. YACTHUHA 1: BUKU/J TBEPJIUX YACTUHOK I JTUMHICTb

0. M. Konopamenko

IIpoananizoBaHo 1 po3paxyHKOBO AOCTiMKEeHO (hopMyiry nepepaxyHky npod. [.B. [TapcagaHoBa sk 0IHOTO 3 aKTyaJIbHHX
MHMTaHb METPOJIOTIYHHX 0COOIMBOCTEH IpoLeCy OTPUMAHHS 3HaUYCHb MacOBOTO TOJMHHOTO BUKHIY TBEPIHX YaCTHHOK ITOPIIHE-
Boro /IB3 Ha MOTOpHOMY BHIIPOOYBaJIbHOMY CTEHAY, HE 00JaAHAHOMY TYHEJIEM PO3BEACHHs. MeTOI0 JOCIIUKCHHS € BUSBICHHS
CITiBBIJIHOIICHHS 3HaueHb Koe(ilieHTiB e(eKTUBHOCTI poOOTH (iibTpa TBEpIUX YACTHHOK AM3ENILHOro mopuiHeBoro /B3 3a
BUKHJaMH TBEPANX YaCTUHOK Ta AUMHICTIO BIANPAIIbOBAaHHX I'a3iB i3 3aCTOCYBaHHAM (hOPMYIIHN IepepaxyHKy IUIs BCHOTO Jiara-
30HY 3MiHM 3Ha4yeHb BIUIMBaroumx (axropis. [lokazaHo, 1m0 3HaueHHS KoedilieHTIB edekTHBHOCTI poOOTH (iabTpa TBEpAUX
YaCTHHOK JIM3EBHOTO JIBUT'YHA BHYTPIIIHBOTO 3TOPSIHHS 32 MOKa3HUKaMH JUMHOCTI i KOHIIGHTpaLil He3ropiinX BYIJIEBOIHIB Y
BIZIMIPaNbOBaHUX T'a3axX, OTPUMaHi MPSIMUMH BUMIPIOBaHHSIMH y XOMi CTEHJOBUX MOTOPHHX BHIIPOOYBaHB, a TAKOXK MacOBOTO I'0O-
JMHHOTO BHUKHJY TBEPIHMX YAaCTHHOK 3 MOTOKOM BiAIpAaIlbOBAaHMX Ta3iB, OTPHMaHi 3a BKa3aHOI (OPMYJIOIO MepepaxyHKy, He
30iratoThCs Al KOKHOTO CTAIliOHAPHOTO PEXHMY HOTro poOOTH. PO3paXxyHKOBO OIIIHEHO Ta MPOLTIOCTPOBAHO rpadivdHO CIIiB-
BiZTHOILICHHS 3HAYCHb LUX KOEQIIi€HTIB 32 JUMHICTIO 1 BUKHIOM TBEPAMX YAaCTHHOK JUI BCHOTO Aiala30HY 3MiHHU BIUIMBAIOYUX
¢axropis.

HUCCJIEJOBAHUE COOTHOINEHUS KOOPUIUEHTOB DOPEKTUBHOCTHU POBOTHI ®UJIBTPA
TBEPJbIX YACTUIL AU3EJBHOI'O ABC. YACTD 1: BBIBPOC TBEPJbIX YHACTHUI U IBIMHOCTb

A. H. Konopamenko

[Ipoananu3upoBaHa W pacdeTHO HccienoBaHa ¢opmyna nepecyera mpod. M.B. [lapcagaHoBa, kak OOHH U3 aKTyalbHBIX
BOIIPOCOB METPOJOTHUECKUX OCOOSHHOCTEH Mmpolecca MONydeHHs 3HAYSHHH MacCOBOTO YacOBOTO BBIOPOCA TBEPIBIX UACTHIL
nopmraeBbIM JIBC Ha MOTOPHOM HCHBITATENEHOM CTEHAE, HE 000pYHOBAaHHOM TyHHENeM paz0aBieHms. Llenpio mccmenoBaHUs
SIBIISIETCS BBISIBIICHUE COOTHOIICHHUS 3HAUYEeHUH KOAPPHUIIMEHTOB 3 (HEeKTHBHOCTH pabOThl (PMIIBTpa TBEPABIX YACTHI TU3EIHEHOTO
nopuraeBoro /IBC mo BbIOpOCY TBEPABIX YAaCTHI] M JBIMHOCTBIO OTPAOOTABIIMX Ia30B C IPUMEHEHHEM (OPMYIIBI epecueTa st
BCEro JiMara3oHa U3MEHEHUs 3HaueHui Biusironux dakropos. [Tokazano, 4to 3HaueHUs ko3 duimenToB 3¢ GpekTHBHOCTH pado-
THI (UIIBTPa TBEPIBIX YACTHUI] AU3EIBHOTO JBHraTelNsl BHYTPEHHEr0 CrOpaHusl MO MOKa3aTeNsiM ABIMHOCTH M KOHIIGHTPAIMH He-
CTOPEBIINX YIIIEBOJIOPOIOB B OTPa0OTABIIMX ra3ax, NOITyYeHHbIC MPIMBIMUA U3MEPEHUSIMH MPU CTEHOBBIX MOTOPHBIX HCCIIENO-
BaHMSX, a TAKXKE MACCOBOTO YacOBOTO BHIOPOCA TBEPIBIX YACTHI[ C TOTOKOM OTPaOOTABIINX Ta30B, MOIyIECHHBIE TI0 YIIOMSHYTOH
(opmyIe mepecyera, He COBNAJAIOT TS KaXKIOTO CTAIMOHAPHOTO peXXnMa paboTHI JBUTaTeNs. PacueTHO OIeHeHO U MPOMIIITIOCT-
PHPOBaHO TpadHIECKH COOTHOIIECHUE 3HAYECHHS 3THX KO3 OHUIINEHTOB MO ABIMHOCTH U BEIOPOCY TBEPABIX YACTHUII IS BCETO JHa-
Ma30Ha BIHMSIOMIX (hAaKTOPOB.
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