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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 ISO 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 1st and 2nd 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. 
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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 - 

δPMt, 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 δPMt 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 - δPMt; 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 - τ. 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 - tf leads to a de-

crease in the PM emission controlled by the weight of 

the PM sample - mf and vice versa; 2) the influence of 

temperature tf 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 tf. the heat balance equation for the pro-

cess of heat exchange of heated gas in a cylindrical 

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 - tf. 

The mathematical model for determination of the 

resulting error of РМ indicator measurements - δPМ 

provides determination of this quantity as sum of its 

instrumental - δPМin and methodical - δPМt compo-

nents: The magnitude δPMin is determined by the de-

pendence for calculation of the error of indirect meas-

urement result [10]. The error δРМt is numerically 

equal to the relative deviation of the controlled mass 

emission of PM determined at the actual temperature tfi 

from the mass emission of PM determined at the tem-

perature tf0i, taken as the reference and corresponding 

to the dilution of HB in the reference system at tdil = 20 

° C, tf(max) = 52 °C [12]. 
 

 

 
 

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 - δPM
*
. 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 - Δtf, as well as 

the resulting methodological errors in measuring mass 

emissions of PM - mf (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 ºС, 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 ºC, 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 ISO 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. 

 

References: 

1. Regulation № 49-06. Uniform Provisions Concerning the 

Measures to be Taken Against the Emission of Gaseous and 

Particulate Pollutants from Compression-ignition Engines 

and Positive-ignition Engines for Use in Vehicles. 

E/ECE/TRANS/505, 2013. – 541 p. 2. Lianga Z. Investiga-

tion of SVOC nanoparticle emission from light duty diesel 

engine using GC×GC-ToF-MS / Z. Lianga, J. Tiana, S. 

Zeraati Rezaeia, Y. Zhanga et al. // School of Mechanical 

Engineering, University of Birmingham, UK, 2015. – 31 р. 3. 

Foote E. Evaluation of Partial Flow Dilution Methodology 

for Light Duty Particulate Mass Measurement / E. Foote, M. 

Maricq, M. Sherman, D. Carpenter et al. // SAE Technical 

Paper № 2013-01-1567. – 2013. – 10 p. 4. Клименко О.А. 

Дослідження та створення перспективної системи для 

визначення масових викидів забруднюючих речовин у 

відпрацьованих газах двигунів / О.А. Клименко, А.М. 

Редзюк, О.В. Кудренко, С.О. Ричок // Автошляховик 

України. – 2012. – № 5 (229) – С. 2–8. 5. Polivyanchuk 

A.P. Improving the accuracy of the gravimetric method for 

control particulate matter in diesel exhaust / A.P. Polivyan-

chuk, I.V. Gritsuk, E.A. Skuridina // New stages of develop-

ment of modern science in Ukraine and EU countries: mon-

ograph / Riga, Latvia: “Baltija Publishing”. – 2019. – Р. 

269-301. 6. Редзюк А.М. Щодо визначення масових 

викидів забруднюючих речовин двигунами колісних 

транспортних засобів / А.М. Редзюк, О.А. Клименко, 

О.В. Кудренко // Автошляховик України. – 2012. – № 4 

(228) – С. 2–7. 7. Alozie, N. Influence of Dilution Conditions 

on Diesel Exhaust Particle Measurement Using a Mixing 

Tube Diluter / N. Alozie, D. Peirce, A. Lindner, W. Win-

klmayr et al. // SAE Technical Paper № 2014-01-1568. – 

2014. – 14 p. 8. Smart Sampler PC SPC 472. PC program 

for SPC 472 control. – AVL, List GmbH Graz, Austria, 1993. 

– 76 p. 9. Russel R. Development of a Miniaturized, Dilutien-

Based Diesel Engine Particulate Sampling System for Grav-

imetric Measurement of Particulates / R. Russel // SAE 

Techn. Pap. Ser. №931190. – 1993. – 12 p. 10. Polivyanchuk 

A.P. Features of Environmental Diagnostics of Heat Motors 

and Boiler Plants by Information Methods / A. Polivyanchuk, 

M. Ahieiev, A. Kagramanian, A. Baranovskis, O. Samarin // 

ICTE in Transportation and Logistics 2019. Series: Lecture 

Notes in Intelligent Transportation and Infrastructure. 

Springer, Cham, 2020. – P. 360-367. 11. Болгарский А.В. 

Термодинамика и теплопередача / А.В. Болгарский, Г.А. 

Мухачев. – М.: Высшая школа, 1964. – 458 с. 12. 

Полив’янчук А.П. Підвищення ефективності систем 

контролю викидів твердих частинок з відпрацьованими 

газами дизелів: монографія / А.П. Полив’янчук. – Х.: 

ХНАДУ, 2015. – 224 с. 



Екологізація ДВЗ 

 
ISSN 0419-8719      ДВИГУНИ ВНУТРІШНЬОГО ЗГОРЯННЯ 2'2022 50 

Bibliography (transliterated): 

1. Regulation № 49-06. (2013). Uniform Provisions Concerning the 

Measures to be Taken Against the Emission of Gaseous and Particulate 
Pollutants from Compression-ignition Engines and Positive-ignition 

Engines for Use in Vehicles. E/ECE/TRANS/505, 541 p. 2. Lianga, Z., 

Tiana, J., Rezaeia, S., Zhanga, Y. (2015). Investigation of SVOC nano-
particle emission from light duty diesel engine using GC×GC-ToF-MS. 

School of Mechanical Engineering. University of Birmingham, 31 p. [in 
English]. 3. Foote, E.,  Maricq, M., Sherman, M., Carpenter, D. et al. 

(2013). Evaluation of Partial Flow Dilution Methodology for Light Duty 

Particulate Mass Measurement.  SAE Technical Paper № 2013-01-1567,  
10 p. [in English]. 4. Klymenko, O.A., Redzyuk, A.M., Kudrenko, O.V., 

River, S.O. (2012). Research and creation of a promising system for 
determining mass emissions of pollutants in engine exhaust gases 

[Doslidzhennia ta stvorennia perspektyvnoi systemy dlia vyznachennia 

masovykh vykydiv zabrudniuiuchykh rechovyn u vidpratsovanykh hazakh 
dvyhuniv]. Autoroadster of Ukraine, 5 (229), рр. 2-8. [in Ukrainian]. 5. 

Polivyanchuk, A., Gritsuk, I., Skuridina, E. (2019). Improving the accura-
cy of the gravimetric method for control particulate matter in diesel 

exhaust. New stages of development of modern science in Ukraine and 

EU countries: monograph. “Baltija Publishing”, pp. 223-244. [in Eng-
lish]. 6. Redzyuk, A.M., Klymenko, O.A., Kudrenko, O.V. (2012). Regard-

ing the determination of mass emissions of pollutants by engines of 

wheeled vehicles. [Shchodo vyznachennia masovykh vykydiv zabrudniui-
uchykh rechovyn dvyhunamy kolisnykh transportnykh zasobiv]. Autoro-

adster of Ukraine, 4 (228), рр. 2-7. [in Ukrainian]. 7. Alozie, N. Peirce, 

D., Lindner, A., Winklmayr, W. et al. (2014). Influence of Dilution Condi-
tions on Diesel Exhaust Particle Measurement Using a Mixing Tube 

Diluter. SAE Technical Paper 2014-01-1568, 14 p. [in English]. 8. Smart 
Sampler PC SPC 472. (1993). PC program for SPC 472 control. AVL, 

List GmbH Graz, Austria, 76 p. 9. Russel, R. (1993). Development of a 

Miniaturized, Dilutien-Based Diesel Engine Particulate Sampling System 
for Gravimetric Measurement of Particulates. SAE Techn. Pap. Ser. 

№931190, 12 p. [in English]. 10. Polivyanchuk, A., Ahieiev, M., Ka-
gramanian, A., Baranovskis, A., Samarin, O. (2020). Features of Envi-

ronmental Diagnostics of Heat Motors and Boiler Plants by Information 

Methods. ICTE in Transportation and Logistics 2019. Series: Lecture 
Notes in Intelligent Transportation and Infrastructure. Springer, pp. 360-

367. [in English]. 11. Bolgarskyi, A.V., Mukhachev, G.A. (1964). Ther-
modynamics and heat transfer. [Termodinamika i teploperedacha]. 

Graduate School, 458 p. [in Russian]. 12. Polyvianchuk, A. (2015). In-

creasing the efficiency of particulate emission control systems with diesel 
exhaust gases: monograph [Pidvyshchennia efektyvnosti system kontroliu 

vykydiv tverdykh chastynok z vidpratsovanymy hazamy dyzeliv: mon-
ohrafiia]. KhAHI, 224 p. [in Ukrainian]. 

 

Надійшла до редакції 07.07.2022 р. 

 

Полив’янчук Андрій Павлович – доктор техн. наук, проф., професор кафедри екології, хімії та технологій захис-

ту довкілля Вінницького національного технічного університету, Вінниця, Україна; е-mail – app.prosperity@gmail.com; 

http://orcid.org/0000-0002-9966-1938; 

Крещенецький Володимир Леонідович – канд. техн. наук, доцент, доцент кафедри автомобілів та транспортного 

менеджменту Вінницького національного технічного університету, Вінниця, Україна; е-mail – rozrah@ukr.net; 

Антонюк Олег Павлович – канд. техн. наук, старший викладач кафедри автомобілів та транспортного менеджме-

нту Вінницького національного технічного університету, Вінниця, Україна; е-mail – AntonukOP@gmail.com; 

Митко Микола Васильович – канд. техн. наук, старший викладач кафедри автомобілів та транспортного мене-

джменту Вінницького національного технічного університету, Вінниця, Україна; е-mail – mytko@vntu.edu.ua; 

Дмитрієва Алла Володимирівна – асистент кафедри автомобілів та транспортного менеджменту Вінницького на-

ціонального технічного університету, Вінниця, Україна; е-mail – dmitrieva1963@ukr.net. 

 

ПІДВИЩЕННЯ ТОЧНОСТІ СИСТЕМ ГРАВІМЕТРИЧНОГО КОНТРОЛЮ ТВЕРДИХ ЧАСТИНОК 

У ВІДПРАЦЬОВАНИХ ГАЗАХ ТРАНСПОРТНИХ ДИЗЕЛІВ 

А.П. Полив’янчук, В.Л. Крещенецький, О.П. Антонюк, М.В. Мітко, А.В. Дмитрієва 

Проаналізовано вимоги нормативних документів – Правил ЄЕК ООН R-49, R-96, міжнародного стандарту ISO 

8178 та ін. щодо технічних характеристик та умов використання еталонних повнопотоких та альтернативних частково-

потокових систем (тунелів) для розбавлення відпрацьованих газів транспортних дизелів повітрям і проведення гравімет-

ричного контролю вмісту в них твердих частинок. Досліджено світовий та вітчизняний досвід експлуатації розбавляю-

чих тунелів різних типів – повнопотокових з 1-ю і 2-ма лініями розбавлення та частковопотокових міні- і мікро- тунелів, 

що дозволило встановити емпіричні залежності для оцінювання ступенів впливу температурних режимів відбору газо-

вих проб на точність вимірювань масових викидів твердих частинок на різних режимах роботи дизеля. Розроблено ма-

тематичні моделі для визначення температур проби розбавлених відпрацьованих газів в тунелях різних типів та оціню-

вання результуючої похибки вимірювання нормованого середньоексплуатаційного викиду дизельних твердих частинок 

– показника РМ. На основі результатів екологічних випробувань транспортних дизелів 1Ч12/14 та 4ЧН12/14 за 13-

ступінчастим випробувальним циклом ESC та розроблених математичних моделей проведено розрахункові дослідження 

з оцінювання впливу на точність мінітунелю з діаметром 10 см та мікротунелю з діаметром 3 см температурних режимів 

пробовідбору, які порівнювались з режимами еталонного тунелю з діаметром 46 см. Результати досліджень довели доці-

льність регулювання температури проби в мікротунелі для підвищення його точності шляхом усунення суттєвих мето-

дичних похибок вимірювань показника РМ, які складають -1,6 … -1,7 %. Встановлено, що в мінітунелі відповідні похи-

бки є не суттєвими і складають -0,3 … -0,4 %, що свідчить про відсутність потреби в регулюванні температури проби в 

цій системі. 

Ключові слова: транспортний дизель; екологічна діагностика; відпрацьовані гази; тверді частинки; розбавляючий 

тунель. 

 

 

 

 

 

 

 


