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INCREASE OF HIGH-SPEED QUALITIES AND ECONOMIC EFFICIENCY OF USE
SYSTEMS OF ECOLOGICAL DIAGNOSTICS DIESEL ENGINES - MICROTUNNELS

Purpose. Reducing the duration and cost of procedures for environmental diagnostics of diesel power
plants by increasing the speed of measurements of normalizedPM index — average operating emissions of par-
ticulate matters with exhaust gases of diesel engines. Methods. Analysis and synthesis of information, mathe-
matical modeling, experimental studies, calculation experiment. Results.In accordance with the requirements of
the international standard 1SO 8178, a method of accelerated measurement (MAM) of the PMindex is proposed,
which is characterized by the maximum allowable sample filtration rate and the minimum allowable masses of
particulate matter in the filters, the use of which can significantly improve the economic efficiency of applying
microtunnels: with single- and multi-filter sampling methods - in 3,1 ... 4,1 times and in 5,3 ... 7,1 times, respec-
tively. Conclusions. Compared to the most common methods of control of particulate matter emissions that are
realized in mini and microtunnels of Perkins, AVL, Mitsubishicompanies, they are characterized by higher
speed and economic efficiency of use - indicators that are of great importance in testing high-power diesel en-
gines —locomotive diesel, ships and others. It is substantiated that the use of MAM allows to shorten the duration
and cost of environmental testing of mainline diesel engines - 2TE116 and shunting - TEM-2 locomotives: certi-
fication tests - by 9 ... 28%, which is 0.2 ... 0.7 h and 0, 8 ... 1,5 thousand UAH; research tests - 43 ... 53%,
which is 1.7 ... 3.0 hand 4.0 ... 7.5 thousand UAH. With the reduction of the actual emission levels of particu-
late matter with the exhaust gases of the diesel engine, the efficiency of the use of MAM increases.

Keywords: diesel, exhaust gases, particulate matter, ecological compatibility, microtunnel, accelerated
measurement, efficiency
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lXapKieczaKuﬁ HayioHanvbHUll yHigepcumem micbko2o eocnooapcmea imeni O.M. bexemoga

2 Hayionanshuti mexuivmuii yHigepcumem «XapKi6CbKuil NOAIMEXHIYHUL IHCIMUMYM »

3 Cxionoykpaincekuii nayionanshutl ynisepcumem imeni Bonooumupa Jlans

NIABUIMMEHHSA IMIBUAKOAII TA EKOHOMIYHOI EOEKTUBHOCTI BUKOPUCTAH-
HS CUCTEM EKOJIOTTYHOI'O JTAT'HOCTYBAHHA IU3EJIIB-MIKPOTYHEJIIB

MeTta. 3MeHIIIEHHST TPUBAJIOCTI Ta BAPTOCTI MPOLEAYpP €KOJIOTIYHOIO AiarHOCTYBaHHS TU3EIbHUX CHIOBHX
YCTaHOBOK PIi3HOTO MPU3HAYEHHS 33 PaxXyHOK ITJBHMIICHHS MIBUAKOCTI BUMIpIOBaHb HOPMOBAHOTO IOKa3HHMKA
PM — cepenHboeKCIUTYaTaI[ifHOTO BUKHUY TBEPAUX YACTUHOK 3 BiANpPallbOBAHUMHU ra3amu nusels. MeToau.
Amnai3z Ta cuHTe3 iH(pOpMAIii 010 HOpMATHBHOI 0a3u, Mpoleayp BUIpOoOyBaHb, OONAAHAHHS Ta PaXyHKOBHX
METOJIUK JJIsl IPOBEJICHHS €KOJIOTTYHUX BUIPOOYBaHb JTU3EIIB;, MaTeMaTUYHE MOJICIIOBAHHS Ta €KCIepUMEHTa-
JBHI JOCHIKEHHS TTapaMeTpiB e(heKTUBHOCTI MPOLEAYPH SKOJIOTIYHOTO AiarHOCTYBAHHS JHU3€Isl — TPUBAJIOCTI,
MOTPEOHOT KUIbKOCTI MajnBa, BAPTOCTI; PO3PaXyHKOBHH €KCIIEPUMEHT 3 OL[IHKM JOLIBHOCTI MiJABHIIECHHS LIBHU-
JIKOCTi BUMipy moka3Huka PM. PesyasTaTn. BiamosinHo 1o BuMor MixkHapoaHoro ctangapty 1SO 8178 zampo-
noHoBaHoO croci6 npuckoperoro umipy (CIIB) mokasunka PM, sikuii XapakTepu3yeThCsi MAaKCUMAIBHOIO TOMY-
CTHMOIO MIBHIKICTIO (inbTpamii mpodu — 100 cM/M Ta MiHIMaTBHO JOMYCTUMHMHU MacaMH HaBIiITyBaHb TBEPIMX
yacTHHOK Ha (inbrpi: 0,25 Mr — npu ogHOIILTPOBMY MeToi BindOopy npob TBepaux yactuHok Ta 0,17 Mr —
npu 6arato¢ineTpoBMy MeToai. Bukopucranns CIIB n03Bosisie cyTTEBO MOKPAIIMTH €KOHOMIYHY €()EeKTHBHICTD
3aCTOCYBaHHs IIUX METOAIB B MikpoTyHeni — B 3,1 ... 4,1 pa3su ta B 5,3 ... 7,1 pa3si3, BignosigHo. BucHOBKH.
[NopiBHSAHO 3 HaWOIIBII MOIMPEHUMH CHOTO/HI CrIoco0aMM KOHTPOJIIO BHKUAIB TBEPJMX YACTHHOK, SIKi peai-
3yIOThCSl B MiHi- Ta MikpoTyHensx ¢ipm Perkins, AVL, Mitsubishi, CIIB xapakTepu3yeThscsi OibpII BUCOKHMHU
MIBUJIKOJIIEI0 T4 EKOHOMIYHOIO €()eKTUBHICTIO BUKOPUCTaHHS — NOKa3HUKaMH, sSIKi MalOTh BUCOKY 3HAUMMICTh HIPH
BUTIPOOYBaHHAX JM3€TIB BEJIMKOI HOTY>KHOCTI — TETIJIOBO3HMX, CYAHOBHX Ta iH. OOIPYHTOBAHO, 110 BUKOPUCTaHHS
CIIB no3Bosisie CKOPOTHTH TPUBAIICTh Ta BapTICTh €KOJIOTTYHUX BUNIPOOYBaHb JIM3eiiB MaricTpainsHoro — 2TE116

© Polivyanchuk A. P., Kaslin O. I., Skuridina O. O., 2018 DOI: 10.26565/1992-4259-2018-18-11

106


mailto:apmail@meta.ua
mailto:dvs@kpi.kharkov.ua

Bicnux XHY imeni B. H. Kapasina Cepis «Exonocisy, 2018, eun. 18

Ta MaHeBpoBoro — TEM-2 temnioBo3iB: ceprudikauiiHux BUnpoodysans - Ha 9 ... 28%, mo cranosuts 0,2 .. 0,7
rox i 0,8 ... 1,5 TUC. TpH.; TOCTITHUIIBKUX BUNPOOYBaHb — Ha 43 ... 53%, mo ckmanae 1,7 ... 3,0 ron 14,0 ... 7,5
THUC. TPH. 31 3MCHIICHHAM (DAKTHMYHHMX PIBHIB BUKHUIIB TBEPIUX YACTHHOK 3 BUXJIOMHHMH ra3aMu au3eist, edek-
TUBHICTH BukopuctanHs CIIB 3pocrae.

KurouoBi ciioBa: amsenp, BiANpansoBaHi ra3u, TBEPAlI YaCTHHKH, €KOJIOTIYHICTD, MIKPOTYHENb, IIPHUCKOPE-
HUH BUMIp, €PEKTUBHICTh

HonuBsiHUyK A. I}, Kacomu A. 1.7, Cxypuauna E. Al

1Xapb1<oec;<u12 HayUoOHAIbHYIU YHUBEpCcUmMem 20po0ckoo xosaticmea umenu A.H. Bexemosa

2 Hayuonansbiii mexuuuecxui yHUugepcumem « XapoKo8CKuil NOAUMEXHUYECKUN UHCIUMMYIM »

¥ Bocmounoykpaunckuii nayuonansbiti yuugepcumem umenu Biradumupa Jlans

MNOBBIINTEHHUE BLICTPOﬂEﬁCTBHH U SKOHOMMWYECKOM S®PEKTUBHOCTH
HNCITIOJIb3OBAHUSA CUCTEM 3KOJIOI'MYECKOI'O IUATHOCTUPOBAHUS I[PI?;EJIEFI -
MHUKPOTYHHEJIEA

Heab. YMeHblIeHUE NPOJOKUTEILHOCTH U CTOMMOCTH MPOLEAYpP IKOJOTHUECKOTO JUAarHOCTHPOBAHUS
JIN3EJIBHBIX CUJIOBBIX YCTAHOBOK 3a CUET MOBBILIICHUS CKOPOCTU U3MEPEHUIl HOPMHPOBAHHOTO Noka3aTens PM —
CpPEeHEIKCILTyaTallMOHHOTO BBIOpOCa TBEPIBIX YAaCTHIl C OTPa0OTABIIMMH ra3aMu Ju3eis. Meroabl. AHAIU3 U
CHHTE3 MH(pOPMAINN, MAaTEMaTHIECKOE MOJACINPOBAHUE, SKCIIEPUMEHTAIbHBIC MCCIECAOBAHMUS, PACUETHBIN JKC-
nepuMeHT. Pesyabrartsl. [Ipemtoxken crocod yckopenHoro 3amepa (CIIB) mokaszarens PM, koToperii xapakTe-
pHU3yeTcsl MaKCUMAIbHO JOITYyCTUMOI CKOPOCTBIO (HIBTpanvy MPpoOsl 1 MUHUMAIBHO JIOITyCTUMBIMH MacCaMH
HAaBECOK TBEPABIX YacTHUIl Ha (pUIbTPaX, MCHOIB30BAaHNE KOTOPOTO MO3BOJSET CYIIECTBEHHO IOBBICUTH SKOHO-
MHUYECKYI0 3(p(peKTHBHOCTE NCTIONB30BaHN MEUKpOTYyHHEIEeH. BoiBoaBbI. OO0CHOBaHO, uTO Hcnonb3oBanne CIIB
MO3BOJISIET COKPATUTh MPOJOIDKUTEIBHOCTE M CTOMMOCTH CEPTHU(HKAIIMOHHBIX HCIBITAaHWI An3enedl maru-
ctpanpHOro - 2T2116 1 MmaneBpoBoro - TOM-2 temnoBo3oB Ha 9 ... 28%, uto coctasmuser 0,2 ... 0,7y u 0,8 ...
1,5 TBIC. TpH.

KaioueBble ciioBa: fu3esnb, OTpaOOTaHHbIE Tra3bl, TBEPAbIC YaCTHUIBI, HKOJOIMYHOCTb, MHUKPOTYHHEJb,
YCKOpEeHHBIN 3aMep, 3)(HeKTHBHOCTD

Introduction

The process of ecologization of transport of normalized engine operating modes [3]. At
internal combustion engines is characterized by each mode sampling of pollutants for analysis is
the phased introduction ofthe value of the carried out. The technology for controlling PM
average operational discharge of particulate emissions involves preliminary dilution of the
matter (PM) with exhaust gases (EG) to the engine EG with atmospheric air and then passing
standardized indicators of the toxicity of diesel it through the PM sampling filters. In this case,
engines So, since 1993, this indicator has been the duration of the sampling is determined by the
measured during ecological tests of automobile rate of its filtration and the hanging-on mass of
diesel engines, since 1997 - diesel engines of PM that is collected on the filters. During testing
agricultural machines, and since 2007 - ship and one of two methods of sampling PM is possible:
locomotive diesel engines. In the long run, the single-filter (SF), which involves the use of one
PM index will become the normalized value for filter over the whole test cycle or multi-filter
other types of diesel engines: domestic, (MF), which involves the use of one filter at each
industrial, engines of special equipment, etc. test mode.

Since the beginning of the normalization The most commonly used way of
of mass emissions of the PM, there appeared a controlling PM emissions, realized in micro-
problem of increasing the duration and cost of and minitunnels of Perkins, AVL [4, 5], Mitsu-
environmental tests of diesel engines due to bishi [6], is characterized by increased time
increased time expenditures for determining PM. expenditure on sampling PM, which substan-
The essence of this problem is as follows. The tially exceeds the sampling time for gaseous
normative basis for environmental tests of diesel pollutants - 5- 7 minutes at each test mode. As a
engines is the international standard ISO 8178 result, the procedure for determining the PM
[1-3]. This document provides determining the index is more time-consuming and more
value of PM together with other indicators of expensive than the GASx indicator control
toxicity of diesel EG - the average operational procedure: at the SF method -1.2 ... 1.5 times
emissions of gaseous pollutants: nitrogen oxides, more; at the MF method - 1,9 ... 2,5 times. The
carbon monoxide and hydrocarbons designated indicated problem is of high relevance in
as GAS,. The GAS, and PM indices are testing high-power diesel engines, in particular
determined during the test cycles, which consist — diesel locomotivediesels, marine engines, etc.
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To solve this problem and increase the
economic efficiency of environmental tests of

diesel engines, it is necessary to use more rapid
methods of measurement of PM indicator.

Object and methods of research

Technical equipment, procedure for
conducting environmental tests of diesel
plants. According to the requirements of 1SO
8178, environmental tests of diesels are carried
out with the help of special equipment, which
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includes: loading device, system of selection
and analysis of samples of gaseous pollutants
(GP) and system of sampling and analysis of
PM - microtunnel (Fig. 1).

4 5 6

e

1 — loader (rheostat setup); 2 — a rack with devices; 3 — electric panel; 4 — system of selection and analysis of GP
samples; 5 — PM emission control system (microtunnel); 6 — locomotive; 7 — diesel installation.
Fig. 1 — Equipment for ecological diagnostics of locomotive diesel engines

The loading device is used to control the
diesel load in the entire range of operating
modes of its operation. The system of selection
and analysis ofGP samples is intended for
measurement of concentrations of gaseous
substances contained in diesel EG. This system
includes: devices for the selection and
transportation of gas samples and gas analyzers.

Devices for the selection and transport-
tation of gas samples are used to select the
amount of EG samples necessary for the
analysis and to bring it to gas analyzers. These
devices must ensure the immutability of the
sample when it is transported from the place of
selection to the site of analysis. The control and
registration of concentrations of GP in selected
samples are carried out by means of gas
analyzers. To measure the GAS, normalized
parameters, the system for the selection and
analysis of GP samples must contain
appropriate gas analyzers. In samples selected,
the content of other substances, such as: carbon
dioxide, oxygen, sulfur dioxide, etc. can also be
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monitored. The PM sampling and analysis
system (microtunnel) is used to measure the
concentration of PM contained in diesel EG.

The procedure for ecological diagnostics
of a diesel engine is a cycle, which consists of
normalized modes of its operation in
accordance with the requirements of 1SO 8178
[3]. Taking into account the real conditions of
operation of a diesel engine is carried out by
using weight factors of the test modes WF,
which are equal to the relative durations of
diesel operation atthese modes during its service
(Table 1).

The control ofpollutants emissions from
diesel EG is carried out as follows. The test
starts from the pre-warming stage of the diesel
engine in anidlingconditions. This stage is
considered to be completed if the regulated
values of temperatures and pressures of water
and lubricationoil in the systems of cooling and
lubrication of a diesel engine have been
achieved.
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Table 1

Characteristics of the test cycle 1ISO 8178-F for ecological diagnostics
of diesel locomotives

Cycle Diesel power (in% of Weight
mode nominal value) factor WF
1 100 0,25
2 35 0,15
3 Idling conditions 0,60

After this the test cycle begins — the
successive work of the diesel engine on each
standardized test mode, which consists of two
stages: temperature stabilization of the diesel
engine and sampling pollutants. During the stage
of temperature stabilization of the diesel,
stabilization of water temperature, lubricationoil
and EG, as well as water and oil pressure in the
systems of cooling and lubrication of diesel, is
achieved. During the samplingpollutants phase a
parallel sampling is performed for the analysis of
GP and PM contained in the diesel EG. In this
case, the sampling of PM can be doneby two
methods: SF and MF. At the SF method,
sampling PM is carried out by using one filter
throughout the test cycle, and at the MF method
— by using one filter at each test mode. SF
method allows to determine only the indicator of
average operational PM emissions and is used in
the course of certification tests of diesel engines;
the MF method allows to determine the mass PM
emissions at the normalized operating modes of
the engine and the index of average operational
PM emissions and is used in conducting research
tepollutants sts of diesel engines.

During the samplingpollutants phase the
requirements for limiting the sampling time must
be fulfilled. According to ISO 8178 the
minimum durationof the GP sampling procedure
is 5 minutes, it requires at least 3 measurements
of GP concentrations per a test mode with 1 min
intervals. The minimum allowable duration of
the PM sampling procedure is determined
indirectly and depends on such parameters of the
PM emission control system as the velocity of
the filtration of the diluted EG sample and the
mass of the PM accumulated on the filters. The
minimum permissible duration of the sampling
period for pollutants in each mode is defined as
the highest of the minimum allowable lengths of
sampling procedures for GP and PM.

After performing the test cycle, the results
of the tests determine the GAS, and RT.

Analysis of the possibility of increasing
the rate of measurement of PM indicator. 1ISO
8178 has the following limitations of parameters
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that affect the velocity of PM mass emissions:
the filtration rate of a diluted EG-vf sample must
be in the range of 35 ... 100 cm/s; The hanging-
on mass of the PM collected in the filters must
not be less than the minimum acceptable value:
at the SF method, Ms (miny = 0.25 mg, at the MF
method, Mg miny = 0.14 mg (using filters with70
mm in diameters) [1].

The most common methods for
controlling PM emissions are characterized by
sample filtration velocities — vf = 60 ... 80 cm/s
and hanging-on masses of PM at the SF and MF
methods of sampling — M; = My =1.3 mg (Fig. 2).

As can be seen from Fig. 2, the norma-
tive requirements allow the implementation of
the method ofaccelerated PM measurement
(MAM), which is characterized by the
maximum permissible rate of filtration of the
sample — Vi may = 100 cm/s and the
minimumpermissiblehanging-on mass of PM -
Ms (min) = 0.25 mg and My (min) = 0.14 mg.
Application of this method allows to reduce
the time expenditure on PM sampling: at the
SF method — 3,1 ... 4,1 times less; at the MF
method — 5.3 ... 7.1 times and, consequently,
reduce the cost of diesel environmental tests
procedure.

It should be noted that the reduction of
the hanging-on mass of PM to the minimum
allowable value leads to a certain decrease in
the accuracy of measurements of PM index.
However, as shown by studies presented in
papers [7-9], the resulting error of
measurements of the PM index while
implementating MAM does not exceed the
permissible value - + 8.5% [2], and, therefore,
this method can be applied in practice.

The method of evaluating the
expediency of using the method of
accelerated PMmeasurement involves a

comparative analysis of the effectiveness of
two ways of measuring the PM index (see
Figure 2) oneof the fastest contemporary-
methods — method 1 and MAM — method 2.
As the criteria of efficiency of these methods,
the following is used:
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Fig. 2 — Values of factors that determine the rate of measurements of the PM indicator

A) absolute values: duration of tests —
©*, fuel consumption while testing — Mgy,

and cost of tests — C*', which are determined
by the expressions:

phest _ phest E[T is.t N max{ti;a.[ﬁ.aix;; I is.ar_{P‘.‘\.[;. }]
(1)

jml

where 1™ — duration of pre-warrhing stage of
a diesel engine, h;

n — number of test cycle modes (for the
ISO 8178-F series cycle n = 3);

;' — time expenditure for temperature
stabilization of diesel, h;

Tisam(GASx) and Tisam(Pam _

and PM

heat

duration of

gaseous pollutants sampling,

respectively, year;
JIESE _ emehmat  heat
M =G+
+y |G 77 +max 7R R0 }]]

il
(2)

where G)%'— fuel consumption at the stage of
pre-heating of the diesel engine, kg / h;

Greni — fuel consumption at i-mode test,
kg /h;
C*™ =M xCpy + K

el

test

XC
3

where Cyel, Coil — Specific values of the cost of
fuel and lubricationoil, respectively, in UAH /
kg;

Cest — COSt of one hour of personnel work,
UAH/ h;

koit — coefficient equal to the ratio of the
mass of the lubricationoil to the mass of fuel
consumed during the tests;

B) the relative values: the duration of

test
oil X Ml X Coyy + T

the tests — ™", the fuel consumption for their

test

carrying out Mg,

and the cost of the tests —

test

C'*™*', which are defined as the ratio of t**,
M i C** corresponding to the procedure for

determining PM index to the corresponding
guantities conformto the procedure of
determining GAS, indicators.

Results and discussion

Investigations of theexpediency of using
MAM were conducted on the basis of the
results of environmental tests of the mainline -
2TE116 and shunting — TEM-2 diesel
locomotives equipped with diesel engines 1A-
5D49 and PD1M, respectively [10, 11]. As a
sampler device, a universal system for
ecological diagnostics of diesels was
considered — the microtunnel MKT-2 [12, 13]
with the compensatory sampling EG method
[14] and the temperature control of thesample
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preparation for analysis [15]. In the course of
the researchtherehas been estimated the influ-
enceof the gradual reduction of the emission
norms of PM emissions from diesel EG on the
efficiency of the MAM factor as a result of
environmental standards improvement.. This
factor was taken into account by using a
relative magnitude equal to the ratio of current
and future levels of PM emissions.

The results of the research prove the
cost-effectiveness of using MAM at railway

test
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transport, as well as in other industries where
diesel plantswhich are characterized by
significant fuel consumptions are used
(Figures 3, 4).

Thus, during the environmental tests of
locomotive diesel engines, the duration, fuel

consumption and cost of tests are reduced: at
the SF method — by 9 ... 28%, which is pera
test 0,2 ... 0,7 hours, 25 ... 45kgand 0,8 ... 1,5
thousand UAH; atthe MF method — by 43 ...

st T_._Egl c besd M nesi H'Ethnd 1 ﬁ lr.ez; =
. 1 fuels !
hr ths. UAH | tons =g"™
]
. - 0.5 -~
Method 1 15 | s r 1.5
. L 0,4
Lo -~
N - 10103 B
) _ 1 L 0,2 Method 2
i : | L 0,5
14 Method 2 - 0.1
0. L g odo -0
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. e - . = pas?
'l:l |,_ feest CI r- leul.'ll Method 1 M[ui:l:
hr lhs LIAH tDI'IS e p 1EEL
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10 - [ /
i 30 1 / ’
5 L 0.8
~ La 7
. P 20 + 06 2
P i
4] i L 0.4
2 10 1 1
s ] I - 0.2
Mathod 2
0 ;Methodz Lo ot o Y
— __ ) =
1 2 3 PT ! 2 3
0)

Fig. 3 — Results of the comparative analysis of the efficiency of methods 1 and 2 while testing the main
locomotive 2TE116 using SF (a) and MF (b) PM selecting methods

53%, which is pera test 1,7 ... 3,0 hours, 120 ...
225 kg and 4,0 ... 7,5 thousand UAH. With the
decrease of PM emission levels , the efficiency
of the MAM increases: with PM increase for

decrease further: at the SF method - by 0,3 ...
0,7 h, 45 ... 55 kg and 1,5. .1,8 thousand UAH;
at the MF method — by 1,7 ... 3,0 years, 115 ...
235 kg and 3,8 ... 7,8 thousand UAH.

each unit, the values ©*, M{jand C*™
Conclusions
1. With the beginning of the single-filter (SF) PM sampling method —in 1,2

normalization of the average specific emission
of particulates (PM) with exhaust gases (EG) of
diesel plants due to the lack of high speed of
PM index measurement, the duration and cost
of the procedure of ecological tests of diesel
engines significantly increase: with the use of a
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... 1,5 times, multiphase (MF) method — in 1,9
... 2,5 times.

2. In accordance with the requirements of
the international standard 1SO 8178 a method of
accelerated PM index measurement - MAM is
proposed.It is characterized by the maximum



Visnyk of V. N. Karazin Kharkiv National University Series «ECologyy , 2018, I1ssue 18

test et
b | Method 1
5 | - 3
e
4 - ~ .
3 i f
2 1
14 '. Method 2
n- -0

T bast . Methn.d 1 ;IES'.

hr /
10 - / [ 6
8 | 4 I

/ L4
ﬁ 4
41 Lo
2 i

Q- ;Hethndi Lo
| I — |

1 2 3 PT

ths. UAH

ths. UAH

M e, M e =
tons =G e
- 0.5 Method 1
15 A K
F 0,4
- 3
10 + 0,3 -~
-~ - 2
- 02 -
K -1
olo ;MElhDﬂ 2 [ 5

M i, M 1o =
tons E'E ferst
-1
-8
- 0,8
L 0.6 Method 1 6

~7 }4
-" ﬂ.'q' .'.‘.p
- 2

- D Method 2 - 0

1 2 3 PT

Fig. 4 — Results of the comparative analysis of the effeciency of methods 1 and 2 while testingthe shunting
diesel locomotive TEM-2 using SF (a) and MF (b) PM selecting methods

permissible rate of filtering of the PMsample —
100 cm / s and the minimum allowable hang-
ing-on masses of PM collected on the filters —
0,25 mg and 0.14 mg by using SF and MF
methods for PM selection, respectively. The use
of MAM can significantly increase the speed of
measuring PM index: at the SF method — in 3.1
... 4.1 times, at the MF method - in 5.3 ... 7.1
times.

3. Compared with the most widespread
methods of monitoring PM emissions, which
are realized in mini-microtunnels of Perkins,
AVL, Mitsubishi, MAM is characterized by
higher speed and economic efficiency of use -

indicators that are of high importance in test-
ing diesel engines of high power - locomotive
diesel , ship and etc. The use of MAM can
reduce the duration, fuel consumption and cost
of testing locomotive diesel engines: at the SF
method — by 9 ... 28%, which is per a test 0,2
... 0,7 hours, 25 ... 45 kg and 0 , 8 ... 1,5
thousand UAH; at the MF method — by 43 ...
53%, which is per a test 1,7 ... 3,0 hours, 120
... 225 kg and 4,0 ... 7,5 thousand UAH. With
the reduction of the actual levels of PM
emissions from the diesel EG, the
effectiveness of the use of MAM increases.
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