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IMPROVING THE ACCURACY OF SYSTEMS FOR GRAVIMETRIC CONTROL OF
PARTICULATE MATTER IN EXHAUST GASES OF TRANSPORT DIESEL ENGINES

The requirements of regulatory documents - UNECE Regulations R-49, R-96, international standard 1SO 8178, etc.
were analyzed regarding the technical characteristics and conditions of use of reference full-flow and alternative
partial-flow systems (tunnels) for diluting the exhaust gases of transport diesel engines with air and carrying out
gravimetric control of the content of solid particles in them. The world and domestic experience of operating dilution
tunnels of various types - full-flow with 1 and 2" dilution lines and partial-flow mini- and micro-tunnels and par-
tial-flow mini- and micro-tunnels were studied, which made it possible to establish empirical dependencies for evalu-
ating the degree of influence of the temperature regimes of gas sampling on the accuracy of measurements of mass
emissions particulate matter in different modes of diesel operation. Mathematical models have been developed to de-
termine the sample temperatures of diluted exhaust gases in tunnels of various types and to estimate the resulting
measurement error of the normalized average operational emission of diesel particulate matter - the PM indicator.
Based on the results of environmental tests of transport diesel engines 1Ch12/14 and 4ChN12/14 according to the
13-step ESC test cycle and developed mathematical models, calculation studies were carried out to assess the effect
on the accuracy of a mini-tunnel with a diameter of 10 cm and a micro-tunnel with a diameter of 3 cm of the sam-
pling temperature regimes, which were compared with a reference tunnel with a diameter of 46 cm. The research re-
sults proved the expediency of adjusting the temperature of the sample in the micro-tunnel to increase its accuracy by
eliminating the significant methodical errors of measuring the PM indicator, which amount to -1.6 ... -1.7%. It was
established that in the mini-tunnel the corresponding errors are not significant and amount to -0.3 ... -0.4%, which

indicates that there is no need to adjust the temperature of the sample in this system.
Key words: transport diesel; environmental diagnostics; exhaust gases; particulate matter; dilution tunnel.

Introduction
When using compact systems for environmental

diagnostics of transport diesel engines - mini- and mi-
crotunnels, the requirement to ensure their accuracy
should be met: relative deviations of the measurement
results of the normalized indicator PM - mass emission
of particulate matter with exhaust gases (EG), deter-
mined by compact (partial flow) and reference (full
flow) systems should not exceed +5% [1, 2]. When
using compact tunnels to measure the PM index, a
methodological error arises in measuring this value -
dPM,, due to a change in the temperature of diluted HS
in the tunnel, on which the mass of the soluble organic
fraction (SOF) in the PM composition depends [3-5].
The 8PM; error can be eliminated by using sample
temperature controllers in compact systems that pro-
vide the conditions for dilution of the EG correspond-
ing to the reference system. Since such regulators are
expensive, high-tech devices, the installation of which
complicates and increases the cost of measuring sys-
tems, the feasibility of their use should be investigat-
ed..

Formulation of the problem

The purpose of the work was to assess the feasi-
bility of sample temperature control in compact sys-
tems - mini- and microtunnels based on studies of their
accuracy, taking into account the methodological error
in measuring the PM index. To achieve this goal, the
following tasks were solved: 1) analysis of literary
sources on the research topic; 2) development of math-
ematical models for determining the temperature of a
sample of diluted EG in the tunnel and the resulting

measurement error of the PM index - PM;; 3) study of
the feasibility of sample temperature control in mini-
and microtunnels.

Analysis of recent research and publications

In accordance with the requirements of regulatory
documents - UNECE Regulation R-49, international
standard ISO 8178, etc. measurement of mass emis-
sions of PM from automotive diesel engines can be
carried out using various measuring systems [1]: refer-
ence full-flow tunnels with 1 and 2-fold dilution of EG
with clean air and compact partially flow tunnels,
which are divided into minitunnels (have a diameter of
7.5 ... 12 cm and a length of 75...120 cm) and micro-
tunnels (they have a diameter of 2.5...4 cm and a length
of 25...40 cm). The best-known partially flow tunnels
include: a minitunnel with an isokinetic sampler MT
474 (AVL), a multi-pipe type minitunnel (Mitsubishi),
microtunnels with a differential method for determin-
ing the mass flow of EG - SPC 472 (AVL), PTR 200
[6-9].

To determine the normalized environmental indi-
cator PM - the average operational mass emission of
PM from the EG, bench tests of automotive diesel en-
gines are carried out according to regulated test cycles,
consisting of normalized engine operation modes with
specified values of the crankshaft speed - n, engine
shaft load - L, weight factor WF, taking into account
the relative time of operation of the diesel engine in the
mode during operation, and the duration of the test
mode - 1. At the same time, various modes of diluting
EG by air can be used in tunnels: D1 - mode with a
constant mass flow rate of diluted EG or CVS-mode;
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D2 - CVS-mode with external air cooling of the tunnel;
D3 - mode with a constant dilution factor of EG; D4 -
mode with a constant dilution ratio of the EG and ex-
ternal air cooling of the tunnel.

The degree of influence of the temperature of the
sample in the tunnel on the controlled mass emission of
PM can be estimated from the results of experimental
studies of foreign and domestic authors [7,9,10], indi-
cating the following: 1) an increase in the temperature
of diluted EG in front of the filters - t; leads to a de-
crease in the PM emission controlled by the weight of
the PM sample - m; and vice versa; 2) the influence of
temperature t; on the value of mf can be taken into ac-
count using the established empirical linear depend-
ences [7, 10]; 3) the value of the coefficient of propor-
tionality of these dependencies depends on the mode of
operation of the engine: with an increase in diesel
power, their value decreases.

Presentation of the main material of the study

At the heart of the mathematical model for deter-
mining the temperature of a sample of diluted EG in
the tunnel is t;. the heat balance equation for the pro-
cess of heat exchange of heated gas in a cylindrical
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pipeline with ambient air was used [11]. As a result of
the transformation of this equation, the main calcula-
tion formula was obtained to determine the temperature
of the gas flow at the end of the pipelines for the flow
of diluted EG. Sequential calculation of the final tem-
peratures of gas flows in all pipelines of the EG dilu-
tion system makes it possible to determine the sample
temperature before the filter - t;.

The mathematical model for determination of the
resulting error of PM indicator measurements - 6PM
provides determination of this quantity as sum of its
instrumental - 6PM;, and methodical - 6PM; compo-
nents: The magnitude 3PM;, is determined by the de-
pendence for calculation of the error of indirect meas-
urement result [10]. The error 3PM; is numerically
equal to the relative deviation of the controlled mass
emission of PM determined at the actual temperature t;
from the mass emission of PM determined at the tem-
perature ty;, taken as the reference and corresponding
to the dilution of HB in the reference system at tg; = 20
°C, t(max) = 52 °C[12].
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Fig. 1. Schematic diagrams and general views of the MT-1 minitunnel and MKT-2 microtunnel [5

Studies of the feasibility of regulating the temper-
ature of the sample in mini- and microtunnels were
carried out on the criterion of relative deviation of the
results of measurements of the RM by partial-flow and
reference systems - 3PM". Based on the results of envi-
ronmental tests of diesels 1Ch12/14, equipped with a
minitunnel MT-1, and 4ChN12/14, equipped with a
microtunnel MKT-2 (fig. 1) [5, 10, 12] on a 13-stage
ESC cycle using these mathematical models calculated
calculations of absolute temperature deviations samples
in a full-flow system with a diameter of 46 cm from simi-
lar temperatures in a minitunnel with a diameter of 10 cm
and a microtunnel with a diameter of 3 cm - At;, as well as
the resulting methodological errors in measuring mass
emissions of PM - m (fig. 2).

The results of the studies indicate the following:
thermal conditions of dilution of hydrogen sulfide in a

minitunnel and a reference system are approximately
equal: deviations of sample temperatures in these sys-
tems are less than 0.7 °C, resulting in methodical errors
of PM measurements do not exceed 0.4 % and do not
affect significantly the resulting error of the tunnel;
thermal conditions of hydrogen sulfide dilution in a
microtunnel and a reference system have significant
differences: sample temperature deviations in these
systems reach 2.5 °C, the resulting methodological
errors of RM measurements are 1.6 - 1.7%, which
leads to an increase in the resulting error up to £ 5.9%.
Thus, adjustment of the sample temperature in
minitrunnels can be not used, but in a microtunnel it is
expedient and allows to provide the necessary accuracy
of PM measurements.
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Fig. 2. Results of experimental studies of the accuracy of mini- and microtunnels

Conclusions

1. Based on the results of the analysis of regula-
tory documents - UNECE Rules R-49, R-96, interna-
tional standard 1SO 8178, etc., world and domestic
experience in the use of dilution tunnels, the following
were established: technical characteristics and operat-
ing conditions of reference full-flow and partial-flow
tunnels, empirical dependences of the degree of tem-
perature impact samples in the tunnel for the accuracy
of measurements of mass emissions of PM in different
operating modes of the diesel engine.

2. Mathematical models have been developed to
determine: the temperature of a sample of EG diluted
with air in tunnels of various types, the resulting error
in determining the average operational PM emission -
the PM indicator, taking into account the influence of
the sample temperature in the tunnel on the accuracy
of PM measurements.

3. Based on the test results of diesel engines
1Ch12/14 and 4ChN12/14 in the ESC cycle and the
developed mathematical models, computational stud-
ies were carried out to assess the effect on the accuracy
of a minitunnel and a microtunnel with diameters of 10
cm and 3 cm, respectively, of the temperature regimes
of sample preparation, which were compared with a
diameter of 46 cm The results of the research proved
the expediency of controlling the temperature of the
sample in the microtunnel to eliminate significant
methodological errors in the measurements of the PM
index, which amount to -1.6 ... -1.7%. In the mini-
tunnel, the corresponding errors are not significant: -
0.3 ... -0.4%, so there is no need to control the sample
temperature in this system.
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HNIABUINEHHA TOYHOCTI CUCTEM I'PABIMETPUYHOTI'O KOHTPOJIIO TBEPAUX YACTHHOK
Y BIJNIPAIILOBAHUX I'A3AX TPAHCIIOPTHUX JTU3EJIIB

A.IL Ilonue’anuyk, B.JI. Kpeweneywvkuii, O.11. Aumontox, M.B. Mimko, A.B. /[mumpiceéa

[poananizoBaHo BUMOTM HOpMaTuBHUX JOKyMeHTIB — [IpaBun €EK OOH R-49, R-96, mixnapoanoro cranmapty ISO
8178 Ta iH. MI0/I0 TEXHIYHHUX XapaKTEPHCTHK T4 YMOB BHKOPHCTAHHS €TAJIOHHUX MOBHONOTOKHMX Ta aJbTEPHATHBHHUX YaCTKOBO-
MMOTOKOBUX CHCTEM (TYHENIB) Uil po30aBICHHs BiINpallbOBAHNX ra3iB TPAHCIOPTHHUX AW3EINIB MOBITPSIM 1 IPOBEICHHS IPaBIMET-
PUYHOTO KOHTPOJIO BMICTY B HUX TBEPIMX YaCTHHOK. J{OCHIIKEHO CBITOBHI Ta BITUYM3HIHUI JOCBIJ eKcIUTyaralii po30aBisio-
YHX TYHENIB Pi3HUX TUIIIB — TOBHOMOTOKOBHX 3 1-10 1 2-Ma JiHIsIMH p0o30aBIeHHs Ta YaCTKOBOIIOTOKOBHUX MiHi- 1 MiKpO- TYHEINIB,
10 TO3BOJIMJIO BCTAHOBHUTH €MIIIPUYHI 3aJISKHOCTI IS OI[IHIOBaHHS CTYIEHIB BIUIMBY TEMIIEPATyPHHUX PEXHUMIB BiIOOPY ras3o-
BUX MPOO Ha TOYHICTh BUMIPIOBAaHh MAaCOBUX BHKHIIIB TBEPIUX YaCTHHOK Ha PI3HHUX pexuMax poOoTH amsend. PozpobdieHo ma-
TEMaTU4HI MOJIEITi [Tl BU3HAYEHHS TeMIeparyp mpoOu po30aBlIeHNX BiAMPAlbOBAHHUX Ta3iB B TYHENSX PI3HUX THIIIB Ta OIIHIO-
BaHHS Pe3yJIbTYIOUOi MOXUOKK BUMIPIOBaHHS HOPMOBAHOI'O CEPEIHBOCKCILIYaTalliiHOTO BUKUY IU3EIbHUX TBEPIHX YACTUHOK
— mokaznuka PM. Ha ocHOBi pe3ynbTaTiB eKOJNOTiYHMX BUNPOOyBaHb TpaHcmopTHUX auszeniB 1Y12/14 ta 44H12/14 3a 13-
cTynmiHgacTiM BUpoOyBabHUM 1uKIoM ESC Ta po3pobieHnx MaTeMaTHIHHX MOJeJIei MPOBEACHO PO3PaxXyHKOBI JOCIIiIKEHHS
3 OLIIHIOBaHHSI BIUIMBY Ha TOUHICTh MiHITYHENO 3 AiaMeTpoM 10 cM Ta MIKpOTYHEII0 3 JiaMeTpoM 3 CM TeMIepaTypHUX PEKUMIB
po6oBiIOOPY, SKi MOPIBHIOBAIIMCH 3 PSKUMAMH €TaJOHHOTO TYHEo 3 JiameTpoM 46 cM. Pesynbratu 1ociifikeHb J0BeIN J0Li-
JIbHICTD PEryJIIOBaHHSA TEMIIEpaTypu NPoOH B MIKPOTYHENI U MiABUIIEHHS HOTO TOYHOCTI LIIAXOM YCYHEHHS CYTTEBHX METO-
JIUYHUX TIOXUOOK BUMIPIOBaHb MoKa3HUKa PM, ski cknanatots -1,6 ... -1,7 %. BecraHoBIeHO, 10 B MiHITYHEN! BiMOBIHI TOXH-
OKM € He CYTTeBHMH 1 ckinanaioThb -0,3 ... -0,4 %, mo cBiXINTH PO BiACYTHICTH MOTPeON B PEryIIOBaHHI TEMIIEpaTypH MpoOH B
i cucremi.

Kio4oBi ciioBa: TpaHCTIOpTHHIA JH3€Tb; €KOJIOTIYHA AiarHOCTHKA; BiANIPAIlbOBaHI Ta3d; TBEPAl YACTHHKH, PO30aBISIOUNI
TYHEb.
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