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SUMMARY

Nazar enk dhe fampustion heatquasidifferential conductive
cal or | Menmusaeipt .

The thesis for a candidate of technical science de@rd® degreg,
specialty 05.11.04 Devices and methods for measurement of thermal quantities
(152 i Metrology and informatiotmeasuring techniagg). i1 Institute of
Engineering Thermophysics Ukraimdational Academy of SciencésKyiv, 2017.

This thesis is devoted to solution of actual scientific and applied problem of
increasing the accuracy and speed of measuring the combhs@iiof solid,
liquid and gaseous fuels.

In the first section of the thesis a review and comparative analysis of existing
methods and instruments for determinatiorthef fues combustionheatis given
Stated that tmowadayshe majority of enterprises to determine thioac value
of different types of fuel mainly used liquid bomb adiabatic calorimeter
combustion B8, was developed in Soviet times, and its modifications. They are
based on measuring changes of temperature of the calorimeter liquid wher
substancesre burning in the vessel ("bomb") that is placed in this liquid. The
measurement process is quite long (around@®ninutes) and it is based on the
empirical formula of the algorithm for converting temperature changes in the
guantity of heat. The measuremgmicess in these calorimeters is in semi
automatic mode requiring a skilled operator.

Developed by NAS of Ukraingpecialistdoomb arroid ("dry") calorimeters
series KTC though patrtially, meet the needs ofUkeainesenergy market in the
domestic calometric for determining the quality of different fuel types, but
currently require improvement. This, in turn, requires additional research and
development new constructive decisions aimed at ensuring the measurement err
of the heat of combustion on aobhl level and a simultaneous significant
(significantly) improve the performance of measuring instruments. fbosing
brands of calorimeters manufacturers use similar domestic measurement metho

but they gain in precision, speed, and degree of autmmativhile theirpriseis
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much higher. Therefore, the design and development of dynamic methods fol
measuring the combustidreatin the bomb calorimeter with the aim of improving
accuracy and shortening measurement is actual scientific and applied tasks.

According to the results of the analysis the purpose and objectives of the
study, the ways of development and optimizatioe combustiorheatconductive
isoperibolic anendl calorimetemwere formulated

The second section of the thesis is devoted to nmadef thermal processes
in quasidifferentialconductive bomb calorimeter, the study of the main factors of
influence on measurement error and definition of the main design parameters o
the device.

Along with the undeniable advantagebe heat flow (condation)
calorimetersin comparison with traditional water, have several disadvantages, the
main of which - increase in measurement error due to the influence of
uncontrolled external disturbances. As an effective way to solve this problem in the
heat flow calorimeters suggested the use of a differential circuit connecting the
sensing elements, the developed design of the differential of a bomb calorimete
according to the classical scheme and patented a method to reduce uncontrolle
heat transfer and the iak heat losses through the adiabatic insulation of the ends
of the heat block, which improves the accuracy of measuring the amount of heat.

However, this scheme is suitable mostly for micatorimetry, and the
presence of two identical cells leads toreased size and weight of the device. To
eliminate these contradictionte quasidifferentialformation of a conductive
isoperibolic anerol bomb calorimetemwas proposed which has twoobjects -
main working cell the necessary size to accommodate thetiaeavessel
(calorimetric bomb) and the compensation cell smaller size.

To determine the optimal parameters and modes of opetatanoddling
of quasidifferentiatalorimetewas maddy the method of electrothermal analogy.
Electrical analogues of theeat flux and temperature, respectivelse current and
voltage. The model consists of two types of elements, the first of which has low
thermal resistance and high heat capacity, and the seicondigh thermal
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resistance and low thermal capaciy.the substitutionequivalent circuit each of

the elements are presented in the form @h#&ped Rdilter, in which electrical
resistance is analogous to thermal resistance of the corresponding element, ar
capacitancé analog full heat capacity. CalculatioaEheat flow and temperature
was performed by the method of loop currents with the use of operational calculus
in the area of representations for the Laplace transform.

It is shown that for the best compensation of external disturbances, the
dynamic chareteristics of the compensation cell simulator the reaction vessel
should bes similar to each othefor which atquasidifferentialcalorimeterdesign
time the scale factor M = 18ets which is the ratio of the working chamber
heightto the height of theompensation cell.

Modeling the dynamics of thermal processes in calorimeter carried out using
a software package for calculating the processes in electrical circuits,-Gligro
Using the model the influence of design parameters and number of factitrs on
dynamic characteristics of the device and the components of measurement errc
were researched The simulation results demonstrate the efficacy of
guasidifferentialschemefor calorimetric measurementswhen the choice of the
compensation cell simulat parametersis correct a the case temperature
perturbatiorievelled.

The third section describes thyeasidifferentialcalorimetric systenaesign,
which in its basic technical characteristics, namely the measurement range of th
heatvoluel0 35 kJ and the | imit of f%ienobas
inferior to foreign analogues, and its main functional blocks and algorithms of
measuring information processing.

The variations of the constructive execution of cell simulator aadtion
vessel are developed. In the process of adjusting the calorimeter by selecting th
thermal imbalance between the parts of the simulator, such a dynamics of the
signal change and compensating shell is provided that corresponds to the change
the sgnal of the base shell in the event of the effect of the same external

perturbation.
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To increase the measurement procgssed thanodernized technology of
manufacturinghe sensitivemeasuringcalorimeter shelasproposedinstead of a
separate thermdllow sensor in the form of a monolithic cylinder, a thermoelement
tape in a fiberglass insulation is proposed to be mounted directly on the outel
surface of the copper cup of the main reaction and compensation cells. Changin
the position of the batteryfahe thermoelements leads to a decrease in the
thickness of the shell and, accordingly, its thermal resistance, which in turn leads
to a decrease in the time constant, and the speed of the measurement proce
doubles.

The electronic modules of the calmeter providehe heat flowcontinous
measurement and indicatiothe integration of the heat flow over time from the
moment ofarsonduringthe entire operating modand providing the final result in
the form of thecombustiorenergyvaluesof fuel sampes.

Thetechnigueadjusting the dynamic characteristics of the compensation cell
was developed, which allowed to minimize the influence of external perturbations
and to ensure an error of measurement of the calorimeter with¥b. OThe
application of the eveloped automated system for measuring, controlling and
controlling the calorimeter greatly reduces the complexity of carrying out the
calorimetric experiment and eliminates subjective measurement errors.

The fourth section deals with the methods of prafg and conducting a
calorimetric experiment, presents the results of studies on the metrological
characteristics of developed calorimeters and a calculation experiment to improve
the speed of obtaining the results of the experiment, as well as thes resul
determining the calorific value of various types of fuel, including-taditional
and biofuels.

The correctness of the results of calorimetric studies is estimated by the
measurement error calculated on the basis of the results of the primargtadib
according to the method approved by the State Enterprise "Ukrmetrteststandart'
which is within 0.1%, which is confirmed by the relevant certificafésis

measurement error is provided by an integral method for measuring the hea
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volume released ding the burning of a fuel sample, which involves integrating
the heatenergy shell signal from the moment of burning the fuel sample and
installing the stationary thermal regime for about half an hour, and the total time of
the calorimetric experiment refaes two hours. The paper substantiates the use of a
ballistic express method for the dynamic measurement of pulsed heat generation i
bomber calorimeters, which made it possible to reduce the processing time of th
calorific value measurements of fuel seasd times.

The practical implementation the thesigesults, confirmed by the relevant
acts, made it possible to carry out import substitution of calorimetric measuring
instruments and to study the calorific value of various modern types of fuel,
including nontraditional and biofuels, as well as to assess the feasibility and cost
effectiveness of their production and use in the industgahomic complex of
Ukraine. Research results can be used for further improvement of calorimeters
metrological chareteristics and the development of automated control and
measuring devices for express control, etc. Among the objects of potential
introduction about 2 thousand consumers, which provide processing and use of
fuel resources.

Keywords: fuel, combustion héaheat flow calorimeter, quasidifferential

method, calorimeter bomb, measurement error.
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