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Нәтижелердің салыстырылуы теориялық зерттеулердің нәтижелерімен 

айтарлықтай айырмашылықтар бар екендігін кӛрсетеді.  

Негізгі сөздер: отқа тӛзімділік, температура, қҧрылыс қабырғасы, 

қабаттың бҧзылуы. 

 

Semerak M.M., Taciy R.M., Pazen O.Yu. 

MULTILAYER THERMAL  INSULATION CAPACITY CONSTRUCTION 

WITH REGARD TO DAMAGE ARBITRARY LAYER 

 

In the article the actual problem of the definition of fire resistance of heat-

insulating capacity of multilayer building structures, taking into account the 

destruction of an arbitrary layer. The mathematical apparatus, which is summarized 

in the article, allows gradually solve the problem of the distribution of non-stationary 

temperature field in the thickness of the multilayer structure. Place your hands-on 

example of calculation of the fire resistance of four-layer building structure without 

destroying the layer and s destruction. Comparison of the results shows significant 

discrepancies in the results of theoretical research. 

Keywords: fire resistance, temperature, wall construction, destruction layer. 
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METROLOGICAL MAINTENANCE OF EXHAUST GAS SAMPLING 

SYSTEM OF ENGINE TEST BENCH AS AN OBJECT OF RESEARCHES 

 
Grounded urgency of the study of metrological aspects of researches on the 

engine test bench. Described the features of construction, composition, and shows a 

diagram of modernized system for taking samples of exhaust gases for obtaining they 

toxicity and opacity and also characteristics of measuring instruments of the bench. 

Keywords: motor bench researches, diesel, metrology, civil protection, labor 

safety, ecological safety. 

 

Introduction. As well known, the main porpoise of any kind of scientific re-

searches is a creation of newest intellectual product of fundamental of applied nature, 

which characterized by scientific novelty, originality and practical value. At the same 
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time in this segment of life cycle it passes the stage of experimental studies of 

physical processes that form the basis of its functioning and also its operational 

characteristics as a finished product. Often, the programs of these studies and 

implement goals and objectives of so-called ―pioneer‖ scientific research works for 

studying of ―white spots‖ in specific fields of knowledge, that is the essence of 

scientific research. The implementation of such researches related with developing of 

appropriate programs and methods, designing and manufacturing of experimental 

samples and also creating and improvement of appropriate laboratory equipment – 

benches, plants, measuring instruments and etc. That means, objects of laboratory 

equipment are unique but designed for implementation of the widest possible range 

of experiment programs.  

It also well known, that no changes can not be executed absolutely precisely 

and in any case contain some errors. We can only reliably determine its magnitude, 

which determines the value of obtained data [1]. That‘s why scientific works aimed at 

identification and analysis of metrological aspects of creation of new and moder-

nization of existing laboratory equipment are relevant because accuracy of direct and 

indirect measurements has influence on clarity of the modern world view.  

Purpose of the study is description of structure and construction of moder-

nized exhaust gases (EG) toxicity and smokiness sampling system of engine test 

bench (ETB) of laboratory of Department of Power Piston Plants (DPPP) of A.N. 

Podgorny Institute for Problems in Machinery of National Academy of Science of 

Ukraine (IPMash NASU) for its following analysis as a metrological system [2]. 

The scheme of modernized exhaust system of ETB shown on Fig. 1 and its 

external view – on Fig. 2 [2, 3]. Options of measurement equipment of ETB sum-

marized in Table 1, data in which taken from sources [3 – 5, 10 – 22]. 
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Fig. 1. Scheme of EG sampling system of ETB: 

 
1 – diesel engine 2Ch10.5/12; 2 – diesel exhaust collector; 3 – insertion for experimental DPF 

samples; 4 – angled EG pipeline; 5 – flexible heat resistant EG pipelines; 6 – EG noise muffler; 7 – 

exhaust pipeline; 8 – adapters; 9 – operating sample of FE DPF; 10 – sample probe;  

11, 12, 13, 15, 16 – intake fitting, cone, four way valve, cap and exhaust fitting of allonge;  

14 – exchangeable filter; 17 – adjusting valve; 18 – gas flowmeter; 19 – five-component gas 

analyzer AUTOTEST-02.03.P; 20 – protective covering with holder; 21 – connection gas pipeline; 

22, 23, 24 – outdoor gas pipeline; 25, 26 – differential U-shape hydraulic manometers;  

27, 28 – thermometric sensors TKhA; 29 – electrical cord; 30 – appliance OVEN TRM-200;  

31 – barometer-aneroid BАММ-1М; 32 – mercury thermometer; 33 – timer; 34 – opacitymeter 

INFRAKAR-D, 35 – measuring receiver (6,36 l); 36 – air pump 

 

Statement of problem of the study and it solving. In DPPP vas developed 

modular diesel particulate matter filter (DPF) with new non conventional design and 

bulk natural zeolite in stainless steel mash cassettes – DPF IPMash.  

Several variations of that DPF construction embodied in form of operating 

experimental samples of its filter element (FE). Its working characteristics under real 
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exploitation conditions vas studied on ETB [2]. ETB is a complex system of 

interrelated power plants and its structure and features of work described in [3]. 

 

 

a 

   

b                                                     c 

Fig. 2. Modernizing exhaust system of ETB equipped with insertion for DPF operating samples and 

EG toxicity and smokiness sampling system:  

а – general external view, б – stand with measuring instruments,  

в – insertion for DPF operating samples 

For executing a bench motor researches of DPF IPMash the exhaust system of 

ETB vas modernized by adding to it a place for FE operating samples (insertion for 

samples (IS)) and the new EG sampling and EG flow thermodynamic parameters, 

toxicity and smokiness measuring systems [2, 3].  
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The tests executing in accordance with programs and methodics of DPPP and 

also GOST 18509-88 and GOST 14846-87 [4, 5], in which contains requirements for 

accuracy of measuring of some physical quantities. 

Programs of the study developed on basis of standardized test 13- and 8-mode 

stationary cycles that are models of exploitation of automotive and tractor diesel 

engines respectively and are described in UNECE Regulations # 49 and # 96 [6, 7]. 

They were adapted to possibilities of equipment of DPPP laboratory by the way that 

described in [2, 3].  

 

Table 1. Measuring equipment of ETB and its parameters 

 

Name, designation of the 

measured parameter and 

its units 

Limits and 

diapasons of 

measuring 

Measuring instrument 

Frequency of rotation of 

engine crankshaft and 

motor-generator rotor, n, 

min
-1

 

0 – 5000  

800 – 1800 

Measuring complex IDS-742 4/N or mark 

of TDC and five-ways gas analyzer 

Avtotest-02.03.P 

Torque of engine, М, 

Nm  

0 – 250  

0 – 120 

Measuring complex IDS-742 4/N with 

mechanical weight dynamometer 

Time of consumption of 

diesel fuel weighed 

portion, τ, s 

0 – 10000 

0 – 600 

Scales of 1
st
 accuracy class and weighted 

portion and electrical hydraulic automatic 

valve for fuel refilling and optical sensor 

and frequencymeter-chronometer F-5041 

Volume consumption of 

air, Vair, m
3
/h 

5 – 120 

30 – 100 

Gas counter RG-100 and frequencymeter-

chronometer F-5040 

Drop of intake air 

pressure, ∆Рint, mm 

w.col. 

0 – 1200 

0 – 300 

Throttling washer and differential 

manometer type DM 

Drop of exhaust gases 

pressure, ∆Рexh, mm 

w. col. 

0 – 1500 

0 – 300 

Differential manometer type DM 

Exhaust gas temperature, 

texh, °C 

-50 – 1400 

20 – 700 

Device А566 and thermocouple type K 

Engine oil temperature, 

toil, °C 

-50 – 180 

40 – 100 

Sensor ТM-100V and device А565 or 

sensor and five-ways gas analyzer Avtotest-

02.03.P 

Engine fuel temperature, 

tfuel, °C 

-50 – 180 

10 – 40 

Device А566 and sensor type 10011 

Intake air temperature, 

tair, °C 

0 – 50 

5 – 40 

Mercury laboratory thermometer TL-4 
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Environment air 

temperature, t0, °C 

0 – 50 

0 – 35 

– // – 

Environment air 

pressure, В0, kPa 

80 – 106 

90 – 104 

Aneroid barometer BAMM-1М 

Relative air humidity, φ0, 

% 

0 – 100 

0 – 100 

Psychrometer 

NОx volume 

concentration in exhaust 

gas, СNОx, ppm 

0 – 5000 

0 – 3000  

Five-ways gas analyzer Avtotest-02.03.P 

СО volume 

concentration in exhaust 

gas, ССО, % 

0 – 5 

0 – 2 

Five-ways gas analyzer Avtotest-02.03.P 

O2 volume concentration 

in exhaust gas, 
2О

С , % 

0 – 21 

0 – 10 

Five-ways gas analyzer Avtotest-02.03.P 

СО2 volume 

concentration in exhaust 

gas, 
2СОС , % 

0 – 16 

0 – 5 

Five-ways gas analyzer Avtotest-02.03.P 

СnНm volume 

concentration in exhaust 

gas, ССН, ppm 

0 – 2000 

0 – 150 

Five-ways gas analyzer Avtotest-02.03.P 

Linear dimensions of 

experimental samples, l, 

mm 

0 – 500 

1 – 250 

Caliper ShC-1 and locksmith ruler 

Samples taking time, 

τsamp, s 

0 – 60 

15 – 50 

Timer SOSpr-2a 

Opacity of exhaust gas:  

– weakening of light 

flow coefficient, ND, %; 

– absorption of light flow 

coefficient, К, m
-1

 

0 – 100 

10 – 75; 

0 – ∞ 

0 – 5 

Exhaust gas sampling taker and Teflon filter 

in holder or opacitymeter INFRAKAR-D 

 

The methodic of obtaining of errors of direct and indirect measuring of mode 

parameters diesel engine operation, EG gas dynamic parameters, EG toxicity and 

smokiness parameters on ETB will be the object of following studies. 

A variety of measuring instruments on the bench allows us to conclude of ra-

tional use of the mathematical apparatus of the beta distribution as described in [8], to 

evaluate the measurement errors. 

Conclusions. In present paper was considered structure, construction and 

features of  EG toxicity and smokiness sampling system of ETB of DPPP IPMash 

NASU laboratory as a metrological system. 

In following studies will be developed and described the method of obtaining 
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of direct and indirect measuring errors of regime parameters of diesel engine, EG 

gasdynamic parameters, EG toxicity and smokiness parameters on ETB. 
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Вамболь С.А., Мищенко И.В.,   Кондратенко А.Н., Бурменко  А.А.  

ТЕРГЕУ ОБЪЕКТІСІ РЕТІНДЕ ПАЙДАЛАНЫЛҒАН ГАЗ 

СЫНАМАСЫН ІРІКТЕУ ДИЗЕЛЬДІ ҚОЗҒАЛТҚЫШТАРДЫ СЫНАУ ҤШІН 

СТЕНД ӚЛШЕУ ДҦРЫСТЫҒЫН РАСТАУ ЖӚНІНДЕГІ 

 

Қозғалтқыш стендте эксперименттік зерттеу зерттеу метрологиялық 

аспектілері ӛзектілігі. Қҧрылымы, қҧрамы, және жаңғыртылған жҥйесі таңдама 

пайдаланылған газ улылығы және жабық диаграммаға ерекшеліктері, сондай-ақ 

қҧралдарын тірекке ӛлшеу сипаттамалары кӛрсетеді. 

Негізгі түсініктер: стендтік зерттеу моторлы, дизель, метрология, 

азаматтық қорғаныс, еңбекті қорғау, қоршаған ортаны қорғау. 

 

Вамболь С.А. , Мищенко И.В.,   Кондратенко А.Н., Бурменко А.А.  

МЕТРОЛОГИЧЕСКОЕ ОБЕПЕЧЕНИЕ СИСТЕМЫ ОТБОРА ПРОБ 

ОТРАБОТАВШИХ ГАЗОВ ДИЗЕЛЯ МОТОРНОГО ИСПЫТАТЕЛЬНОГО 

СТЕНДА КАК ОБЪЕКТ ИССЛЕДОВАНИЙ 

 

Обоснована актуальность исследования метрологических аспектов экс-

периментальных исследований на моторном испытательном стенде. Описаны 

особенности конструкции, состав и приведена схема модернизированной сис-

темы отбора проб отработавших газов на токсичность и дымность, а также 

приведены характеристики средств измерительной техники стенда.  

Ключевые слова: стендовые моторные исследования, дизель, метрология, 

гражданская защита, охрана труда, экологическая безопасность. 
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