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THE CONCEPT OF CREATING UNIVERSAL SYSTEMS FOR THE ENVIRONMENTAL
CERTIFICATION OF TRANSPORT DIESELS BASED ON MINI- AND MICROTUNNELS

Purpose. Creation of a scientific and practical basis for the development on the basis of mini and micro
tunnels of universal low-cost systems for the environmental certification of transport diesel engines in terms of
the mass emission of particulate matter with exhaust gases. Methods. Analysis and synthesis of information
when studying the systems of ecological certification of diesel engines, physical and mathematical modeling,
experimental research of working processes, technical characteristics and efficiency indicators of tunnels. Re-
sults. The technical characteristics of mini and micro-tunnels as control systems for mass emissions of diesel
particulate matter are considered. The concept of the creation of universal mini- and microtunnels is proposed
based on the principles of increasing their compactness, dynamism, management efficiency and accuracy. Con-
clusions. The results of theoretical and experimental researches and developments on increasing the universality
of mini- and microtunnels are presented: mathematical models of work processes, resulting errors and perfor-
mance indicators of tunnel; new isokinetic and compensation methods for controlling exhaust gas samples; pro-
totypes of a minitunnule with an isokinetic sampler MT-1, microtunnels MKT-1 and MKT-2; test benches for
studies of thermal processes in tunnels, isokinetic and compensation sampling regimes; results experimental
development of certification procedures for measuring emissions of particulate matter from automotive, tractor
and diesel locomotives.

Keywords: diesel, exhaust gases, solid particles, environmental certification, minitunnel, microtunnel, uni-
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Honup’sanuyk A. II.

Xapxiecokuil HayioHanbHull yHieepcumem micbkozo cocnodapcmaa imeni O.M. Bexemosa

KOHIEILISA CTBOPEHHS HA BA3I MIHI- TA MIKPOTYHEJIIB YHIBEPCAJIBHUX
CHUCTEM EKOJIOTTYHOI CEPTU®IKAIII TPAHCIIOPTHUX JIU3EJIIB

Meta. CTBOpEHHs HAyKOBO-IIPaKTUYHOI 0a3u JJIst pO3poOKK Ha 0a3i MiHi- Ta MIKpPOTYHENIB YHIBepCaIbHUX
HEJIOPOTUX CHUCTEM EKOJIOTIYHOI cepTu(ikamii TPaHCIOPTHUAX TU3ENTIB 32 MOKA3HUKOM MAaCOBOTO BHUKHAY TBEp-
JIUX YaCTHHOK 3 BiAMpamboBaHUMHU Tazamu. Meroau: AHami3 Ta cuHTe3 iH(opMmarlii, GisuyHe Ta MaTeMaTU4HE
MOJICITIOBAaHHS, EKCIICPUMEHTANBHI TOCTiKeHH. Pe3yabTaTn. 3aponoHOBaHO KOHIICHIIIO CTBOPCHHS YHIBEP-
CaJIbHUX MiHi- Ta MIKPOTYHEJIIB Ha OCHOBI NPUHIMIIB MiJBUIIEHHS IX KOMIAKTHOCTI, AWHAMIYHOCTI, €()EKTHB-
HOCTI KepyBaHHS 1 TOYHOCTI BHMiploBaibHOTO 00nanHanHs. BucHoBkm. [IpeacraBineHo pe3ynbTaTH TEOpeTHY-
HUX Ta €KCMIEPUMEHTAIBHHUX JIOCIIPKEHb Ta PO3POOOK 11010 IMiBUIICHHS YHIBEPCAIBHOCTI MiHi- Ta MiKPOTYyHE-
JB: MaTeMaTH4HI MoJieJli poOOYMX MPOLECiB, HOBI METOAN KOHTPOJIIO MPoOH, MakeTHi 3pa3ku BuMiproBauiB MT-
1, MKT-1, MKT-2, Tomuio.

KuarouoBi ciioBa: muserns, BiAmpanboBaHi ra3u, TBEpAl YACTHHKH, €KOJOTIUHA cepTH(]iKallis, MiHITYHEI®,
MIKpPOTYHENb, YHIBEPCATbHICTh

HonussaHuyk A. II.

Xapvrosckutl HAYUOHANLHBIU YHUSEpCUmMem 20po0cKkoeo xossaucmea umenu A.H. bexemoga

KOHIENIHA CO3JIAHHUS HA BA3E MUHU- U MUKPOTYHHEJIEH YHUBEPCAJBHBIX
CUCTEM 3KOJIOTMYECKOMW CEPTU®UKAIIMU TPAHCHOPTHBIX IU3EJENR
Heanb. Co3nanne Hay4YHO-TIPAaKTHYECKOW 0a3bl Ui pa3paboTku Ha 06a3e MMHHM- M MUKPOTYHHENIEH YHHBEpCallb-
HBIX HEJIOPOTHUX CHUCTEM SKOJOTMYECKOW CepTH(HUKAIWU TPAHCIIOPTHBIX AW3EJICH 10 IO0Ka3aTelllo MacCOBOTO
BBIOpOCA TBEPJIBIX YaCTHIl ¢ OTpabOTaBIIMMU razaMu. MeToabl. AHaIN3 ¥ CHHTE3 MH(pOPMaIHi, GU3HIECKOe U
MaTeMaTHYECKOe MOJAEIUPOBAHNUE, dKCIIEPUMEHTaIbHbIE HccaenoBanus. PesyabTaTsl. [Ipeanoxkena koHuenuus
CO3JaHUS] YHHBEPCAIBHBIX MHHH- U MHKPOTYHHENEH Ha OCHOBE NPHHIUIIOB MOBBINICHUS WX KOMITAKTHOCTH,
JUHAMHYIHOCTH, () ()EeKTUBHOCTH ympaBieHusI U TOYHOCTH. BbIBoabI. IIpesncTaBieHsl pe3ynbTaTel TEOpeTHIEC-
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KHUX M 9KCIEPUMEHTANbHBIX HCCIEeNIOBaHUN U pa3pabOTOK MO MOBBIIICHUIO YHHUBEPCATbHOCTH MHUHU- U MHUKPO-
TYHHEJIEH: MaTeMaTHIECKHE MOAEIN pab0odnX MPOLECCOB, HOBBIE METOBI KOHTPOIIS P00 0TpabOTaBIINX ra3o0B,
MakeTHble 00pasipl m3meputeneid MT-1, MKT-1, MKT-2 u ap.

KnroueBble cioBa: nusenb, 0TpaOOTaBIINE T'a3bl, TBEPBIC YACTHUIIBI, 3KOJIOTHUYECKAs CEPTUUKALS, MHU-

HUTYHHCJIb, MUKPOTYHHECJIb, YHUBCPCAJIbHOCTDH

Introduction

Today, when creating transport engines,
special attention is paid to their environmental
performance, which characterizes the negative
impact of these power plants on the environ-
ment. This is especially true for diesel engines,
which, by their operating principle, are more
toxic than gasoline and gas engines.

Among the most dangerous substances
contained in the exhaust gases of diesel en-
gines are solid particles (PM), which deter-
mine how all the material collected on special
filtering means after passing through them
exhaust gas diluted with pure air to a tempera-
ture not exceeding 52 °C [1].

The mass emission of PM with exhaust
gases from diesel engines is a normative pa-

rameter, for the determination of which special
measuring systems are used — diluting tunnels,
the most effective of which are mini tunnels
(MT) and microtunnels (MKT) at their price
and convenience in operation.

At the present stage, the ecologization
of engine building in the design of tunnels
solve the urgent problem of increasing their
universality — the possibility of using diesel
engines of various types in testing. In order to
solve this problem, the author, based on his
own experience in the development and opera-
tion of tunnels, proposed the concept of creat-
ing universal systems for the environmental
certification of transport diesel engines based
on MT and MKT.

Object and methods of research

General characteristics of the layout
schemes of mini and microtunnels.

MT and MKT relate to partial-flow diesel
fuel sampling systems, which are more mobile
and cheaper than reference full-flow tunnels.

In MT sampling modules — diluting ex-
haust gas with air and sampling PM for filters
have different gas blowers with mass flow rates
of 10 ... 50 g/s and 1,2 ... 2,5 g/s, respectively;
the dimensions of the dilution tunnel for ex-
haust gas — the tunnel of these systems - diame-
ter (D) x length (L) are 7.5 ... 10 x 75 ... 100 cm
(Fig. 1,a).

In the MKT, the sample preparation and
sampling points for PM on the filters are com-
bined into one module with a common gas blow-
er, whose productivity is 1,2 ... 2,5 gfs; this allows
to reduce the overall dimensions of the tunnel to
DxL=25..4,0x25..40cm (Fig. 1,b).

MT and MKT are used to determine the
mass, specific and average operating PM emis-
sions during arbitrary, research and certification
tests of diesel engines, which are carried out in
accordance with the requirements of regulatory
documents [1-3].
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EP — exhaust pipe of a diesel engine; DT — diluting tunnel; SL — sampling line PM
a) minitunnel; b) microtunnel.
Fig. 1 — Schematic diagrams of partial-flow control systems for emissions of diesel PM
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The concept of creating universal die-
sel certification systems based on mini and
microtunnels is based on four basic principles:

1) increase of compactness of equipment
due to minimization of mass-dimensions pa-
rameters of tunnels; this will increase their mo-
bility and convenience in operation, reduce the
performance of gas blowers, the energy and
economic costs of their operation;

2) increasing the dynamism of the sys-
tems for sample preparation and sampling of
PM by using low-inertia methods for monitor-
ing the work processes of these systems; this
will enable the use of MT and MKT in per-
forming highly dynamic test cycles — the Euro-
pean Transient Cycle (ETC), the Worldwide

Transient Vehicle Cycle (WTVC), the World-
wide heavy-duty transient cycle (WHTC) and
other [4-6];

3) increasing the accuracy of the gravi-
metric measurement method by reducing its
instrumental and methodological errors; this will
allow to ensure the required accuracy of MT and
MKT in conditions of decreasing standards for
PM emissions from diesel engines;

4) modernization of the algorithm of op-
eration and software of tunnels by taking into
account existing and prospective testing proce-
dures for various diesel engines and data pro-
cessing techniques; this will expand the scope
of application of MT and MKT to all types of
transport diesels.

Results and discussion

With the purpose of creating a scientific
and practical basis for increasing the universali-
ty of MT and MKT, the results of theoretical
and experimental studies were systematized by
specialists of the O.M. Beketov National Uni-
versity of Urban Economy in Kharkiv, National
Technical University "Kharkov Polytechnic
Institute” and Volodymyr Dahl East Ukrainian
National University in the period 2003-2017;
the results of the research can be divided into
the following groups.

Mathematical models for definition of
technical characteristics and efficiency indi-
cators of tunnels:

— mathematical model of the thermal
state of the sample in the tunnel, which allows
to determine the required parameters of the
dilution of exhaust gas by air in the tunnel —
dilution factor and sample temperature before
the filter for the selection of PM [7, 8]; these
parameters must comply with the conditions for
dilution of exhaust gas in a full-flow tunnel,
which eliminates the methodological error of
the gravimetric method for controlling diesel
emissions of PM;

— mathematical model for determining
the resulting error in the measurement of mass
emissions of PM as a sum of its instrumental
and methodological components [9, 10]; this
model allows to estimate the accuracy of MT
and MKT and to determine the influence of
errors in measuring equipment and conditions
of dilution of exhaust gas in the tunnel on it;

— a complex mathematical model for
evaluating tunnel efficiency by three criteria:
the accuracy of measurements, the required fuel
consumption for testing and the cost of the test
procedure [11]; on the basis of this model, op-
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timization of technical and operational parame-
ters of MT and MKT can be carried out accord-
ing to the specified criteria.

New methods for controlling the sam-
ple of exhaust gas and the concentration of
PM in the tunnel:

— compensation method for controlling
the exhaust gas sample, which is taken from the
diesel exhaust system [12]; this method pro-
vides the required accuracy of measurements
and is 5 ... 8 times cheaper than the known ana-
logue — the differential method, which is used
in the microtunnel AVL SPC 472;

— the method of dynamic control of PM
emissions with an optoelectronic sensor ele-
ment, which allows to determine the instantane-
ous values of PM concentrations in exhaust gas
during the operation of the diesel engine under
steady and unsteady test conditions [13];

— method of accelerated measurement of
mass emission of PM with exhaust gas of diesel
engine, which allows to determine this envi-
ronmental indicator with the minimum possible
time expenditure, provided that the required
accuracy of measurements is provided [14]; this
method is most in demand in the ecological
diagnostics of dimensional diesel engines —
diesel locomotives, ships, etc., whose tests are
characterized by considerable fuel costs and
have a high cost.

Batch samples of mass emission con-
trol systems for PM emissions from diesel
engines, which are developed in accordance
with the requirements of international standards
[1-3]:

- minitunel with isokinetic sampler MT-1
(Fig. 2), which has the following technical
characteristics: tunnel dimensions —D x L = 8,5
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x 100 cm; the capacity of gas blowers: the dilu-
tion module of exhaust gas is 25 g/s, the sam-
pling line of PM is 1,2 g/s; the selection regime
for exhaust gas is isokinetic [15];

- microtunnels: MKT-1 — non-automated
system and MKT-2 — automated system (Fig.
3), which have the following technical charac-
teristics: tunnel dimensions - D x L = 3,0 x 30

cm; the total gas blowing capacity of the ex-
haust gas dilution module and the PM sampling
line — 1,2 g/s; modes of selection of exhaust
gases — isokinetic, proportional, constant;

MKT-2 control mode — using a PC using spe-
cially developed software (Fig. 4) [16,17].

Fig. 2 — Schematic diagram and general view of the MT-1 minitunnel
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Fig. 3 — Schematic diagram and general view of the microtunnel MKT-2 and its elements
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Fig. 4 — Software of microtunnel MKT-2

Test benches for research of working
processes in tunnels:

— stand for research of thermal process-
es in tunnels (Fig. 5); at this stand the process
of heat transfer through the wall of the tunnel
was investigated and the criterial equation of
this process in dimensionless form was estab-

lished [18];
Coolantinlet ]
G, ¢/ “{E@

— a non-motorized stand for studies of
the isokinetic and compensation mode of ex-
haust gas sampling (Fig. 6); at this booth, the
conditions for using the isokinetic sampler of
the MT-1 mini-tunnel were experimentally
determined and confirmed the practical suita-
bility of the compensation method for control-
ling the sample of exhaust gases [19].

Fig. 6 — Schematic diagram and general view of a non-motorized test bench
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The results of experimental testing of
the procedures for certification tests of die-
sel engines: automobile 4CHN12/14 — 13-step
R-49 cycle and ESC cycle, tractor D-242 — 8-
stage R-96 cycle and diesel 6DN — ISO-8178F
and DSTU 32.001-94 cycles (Fig. 7) [20, 21].

On the basis of the above research re-
sults, a modern domestic measurement system
for the environmental diagnosis and certifica-
tion of transport diesel engines for various
purposes on the standardized mass emission of
PM can be created based.

Conclusions

1.The concept of creation on the basis of
mobile and inexpensive mini and microtunnels
of universal systems of ecological certification
of transport diesels, which allow to determine
the normalized emissions of solids with ex-
haust gases of automobile, tractor, diesel, ma-
rine and other diesel engines, is proposed. At
the heart of the concept are the principles of

increasing the compactness, dynamism, accu-
racy and efficiency of measuring equipment
management.

2. The results of theoretical and experi-
mental research and development, which con-
stitute the scientific and practical basis for
increasing the universality of the mini and
microtunnels are presented: mathematical
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Fig. 7 — Environmental testing of tractor, locomotive and automobile diesels with MKT-1 and MKT-2

models: the resulting error of measurements of late emissions; model samples: miniunnel MT-

the emission of solid particles, the thermal
state of the gas sample in the tunnel, the com-
plex estimation of the efficiency of the tunnel
by the criteria of accuracy and economic ap-
plication efficiency; methods: compensated
sampling of exhaust gases, dynamic control of
solid particles using an optoelectronic sensing
element, accelerated measurement of particu-

1 with isokinetic sampler, microtubules MKT-
1 and MKT-2, test benches for research on
tunnel thermal processes, isokinetic and com-
pensatory regimes of exhaust gas sampling,
results of experimental testing of certification
procedures for determination of particulate
emissions from automobile, tractor and loco-
motive diesel engines.
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