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DEVELOPING SCENARIOS OF SUSTAINABLE WATER -SUPPLY
FOR KAZAKHSTAN POPUL ATION AND ECONOMY UN DER
CLIMATIC AND ANTHROPOGENIC CHANGES AT THE REGIO NAL,
NATIONAL, AND TRANSB OUNDARY LEVELS UNTIL 2030

Abstract. Principle of method is in the analysis of external environment for key factors and their combining for
creating alternative development scenarios. Alternatives formed irscéreario approach allow identifying an
aggregate of possible directions of environment development and thus create a basis for making strategic decisions.
This paper considers theoretical and methodological basis of scenario planning, including varoashag and
methods of scenario formation. Experience of this method application in Kazakhstan and abroad was studied.

The paper identifies natural factors affecting waigoply conditions. Advisability of forming external
environment development scermi was justified for further development of alternative strategies for
hydrogeological survey improvement. Based on the algorithm of forming and transboundary levels until 2030 of the
proposed principles, scenarios were developed for creating plans aihahi watesupply under conditions of
climatic and anthropogenic changes at the regional, national and transboundary levels.

In order to develop strategies and scenarios, as well as to identify vulnerabilities and negative impacts of
climate change, is necessary to have complete information and data on the entire basin. Therefore, it is necessary to
collect and share the necessary information, data and models related to the basin as a whole, as well as all
components of the water cycle. Managing thecpss of adaptation to climate change, it is necessary to monitor the
situation and regularly update assessments, climate change scenarios and forecasts of the state of the water balance.

Climate change should be considered as one of the main causes@é<ln the environment of water basins,
and as one of the many factors that put pressure on water resources. Therefore, adaptation scenarios for specific
basins should take into account not only climate change, but also changes in the demograpbin; sitoatmic
growth dynamics, dietary preferences, and so on. These scenarios should be developed with the greatest possible
cooperation with neighboring countries, and most importantly, using data and models that are consistent with them.

Key words: Scenarios method, external environment factors, strategy, alternative scenario.

Introduction. One of main tools actively used for the development of strategy in the past three
decades by the majority of western companies is the scenarios method. For today, there is no a concurrent
view on identification of t bearcherggiventheii ewn eterpretatians p | ar
of the notion. From quoted identifications of many authors one can conclude that a scenario is deferent
from a forecast (description of comparatively predictable progression of events in the present) and is not a
projectioni desirable future that a company endeavors to achieve. Forecasts and projections conceal risks,
scenarios on the contrary, make risk management possible. Scenarios are a qualitative description of a
situation containing individual quantitative tiésates. This is their difference from forecasts where
emphasis is made on quantitative indicators as a rule. Scenario planning represents not only the
development of a company development scenarios, it is closely connected with strategic planning. Thus, a
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scenario is a description of a vision of the future comprising interconnected factors, with different
probability leading to predictable status of the conditions under study in the future.

Scenarios developmenthis stage includes: selecting of influemgifactors; forecasting different
results of scenarios; combining significant factors and scenarios forming. While selecting factors, it is
recommended to rest upon the results of external environment analysis, to identify the most significant
factors thatwill be the basis for the scenarios. As a method applied at this stage with the purpose of
identifying the most significant factor. The stage must result in the selection of several most significant
and independent factors.

Fundamentals of scenario plamgl. Under conditions of the area of water supply to population and
the country economy, important is forecast of development efabed scenario forecasting and
development of practical recommendations taking into account existing environmengaitlaingogenic
conditions of the territories. Scenario planning helps managers get adapted to various versions of events in
the area of wide groundwater use, have certain specific solutions and alternative options of developments.

Within the framework of scenas$, incoming general economic preconditions, economic factors of
territories development level and government regulation, socioeconomic development, status of level of
water supply hydrogeological conditions can be considered. Theoretical aspects gicstnateagement
with considering of scenario planning toolbox, strategic and comparative analysis were taken as the
methodological basis for scientific research.

Development of practical recommendations for drinking quality groundwater prospected resources
sound management has special importance. Especially important this status should be taken into
consideration under conditions of arid climate and water resources deficit. There are various approaches to
identifying such notiohanmisndgicsca&manmg o0®c iog n tAissctesn a
management. So Michael Porter is of opinion that the scenario planning (SP) should be represented as
Aii nner consistent view of what the future iaoman f ac

to SP: AA tool for ordination of existing repre.
futur e, where a decision made turns out to be a
element of strategic planning founded ontimels and technologies of managing the uncertainties of the

futureo [ 3]. Paul Schoemaker identified SP as fda

where decisions made by the organizati smosonynay be
scenarios forming but also a set of managerial decisions, actions and activities within the framework of
strategic planning [5].

A scenario is a vision of prospects that look like a population of events coordinated and logically
mutually associ@d with a specific algorithm of actions which describes and gives details of the
forecasted status of a systémobject of the strategic planning in the future. Most often, scenarios
represent a projection of qualitative nature, and here, some most amtpqttantitative estimates are
acceptable and necessary. Thus, SP is different from forecasting where emphasis is made on a multitude of
justified indicators of quantitative nature.

SP is used in branches of economy, at enterprises and their strategessusiits while evaluating
environment macroeconomic factors and raw materials markets. Scenario method is useful in definition of
the organization objectives, identification of development strategy, and also Hetomgorecasting,
when current achieveents lose their importance and significance of new possibilities application grows.
Theoretical aspects of strategic planning with consideration of scenario planning toolbox, strategic and
comparative analysis were taken as a methodological basis afehéfic research.

In SP, H. Kahn rests upon dynamics of qualitative indicators using retrospective approach ef macro
historic functioning and the system development. Thus, scenarios go from a hypothesis to facts. And as a
result, scenarios, accordinghib Kahn, are a hypothetic sequence of events used for studyingefaecte
relations and leading to making strategic decisions [6].

Fresh groundwater as a part of mineral resources sector may be presented as a dynamically
developing socioeconomic systenonaprising a number of stidustries. Each option of mineral
resources sector (MRS) development scenarios records certain dynamics of production development and
change in processing volumes formed on the basis of combination of possible developmeminsonditi
Scenario approach allows consideration of all diversity of macroeconomic and technological conditions.
Aggregative country or region groundwater resources efficient use development options alternatives in the

— 7 —
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majority of cases is enough to describe the basis of three scenaridsinertial, evolutional and
innovative.

In the part of ensuring favorable ecological situation, it is advisable to provide for in:

T the area of water sound management: construction and improvement of waterworks andttreatmen
facilities, reduction of surface and underground water bodies pollution with waste water and hazardous
substances arriving from urbanized and agricultural areas; providing population with clean drinking water;

T the area of land resources protection asd: ensuring complex approach to land (soil) use and
protection for its sustainable management;

I the area of forest resources protection and use: ensuring stable functioning of forest ecosystems,
preservation of forest biological and genetic diversitgréasing of ecologieconomic strength of the
economy forest sector;

I the area of waste management: prevention or minimization of wastes generation at account of
introduction of low and wastdree technologies;

T the conservation of biological diveti specially protected natural areas network optimization [7];

Water consumption growth which in the long term will become the main threat will occur under
influence of both climatic peculiarities including temperature increase, as well as a consequence
population pressure. To meet the need in foodstuffs and municgeds, the humanity will need
additional water resources, which according to data of Food and Agriculture Organization of the United
Nations (FAO) by the miatentury will amount 70% of the current consumption level. Today, more than
1 bin people do notdve access to clean drinking water, 2 blo wastewater disposal systems, 920 min
starve. To satisfy their needs and needs of anott®b DIn new inhabitants of the planet, it will be
necessary to add to current 4,200’ lohwater extracted from watsources, by almost 3,000 Rmmore.

This means that the humanity will encroach on those 9,06aHanstill retain ecological natural value of
water. Accordingly, irrespective of the increase or decrease in surface water, areas with poor water supply
destned for increasing water deficit due to implacable water use growth [8].

Thus, it is necessary to search for additional sources of water and increase the productivity of
available water resources. Right now it is difficult to forecast the extent of cotisamipcrease in
connection with temperature increase, change in air humidity, demographic transitions. But it is apparent
that with the current unpredictability of all these changes, it is necessary to align water use mechanisms
and tools with economic af resources available to people.

Water survival mechanism3ransition to water resources integrated management allows curtail
water resources deficit drastically at account of public participation, integration of science and production,
combining inteests of various industries (horizontal integration), linking levels of water hierarchy and
elimination of organizational losses on their junctions (vertical integration), and also engaging other water
sources. This method has been applied and is stilieapfolr centuries in Spain, Italy, France.

Water resources integrated management is based on several fundamental principles:

T basin hydrographic management, which means building of organizations responsible for supply of
water, al on g-do wmwith mihimizng hossds tor jpnctions of water hierarchy and-non
admission of administrative interference;

T public participation of all wateusers, which mean active involvement of fgmvernmental
organizations of watewsers and watesonsumers into tedown management on principles of parity with
the right of decisive vote and participation in financing;

I recording and inclusion of all types of water;

I combining interests of all industries and enterprises of water use;

1 water saving;

I priority consideration of nature requirements;

T financial stability.

Creation of a clear and wettontrolled system of water resources managenWiater economy of
Israel (for arid area), water economy of the Netherlands (for coastal areas and axeasswe humidity
in general) and water economy of Switzerland (for moderate landscapes with intensive level of
urbanization development) can be prototypes of future water management systems. For distadove
countries, characteristic is reverence tev as the basis of natural complex that has a tremendous ethical,
cultural and moral potential [9].
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Natural andanthropogenicsystems in these countries are closely interlaced. Here is a centralized
public water management tajpwn identifying the order of distribution, limiting, monitoring of water
resources and their use with direct managementlooyn with wide involvement odll stakeholders. The
procedure set by the state for financing, interest of weders and water organizations in wegaving,
guarantees sufficient funds for maintaining, improvement and development of facilities with participatory
interest of the stat, but with a wide application of princip
higher as higher the use and pollution). All hydroeconomic and reclamation systems comply with the high
technical level, are automated, equipped witHioa control,emergency forecasting and warning system.

By level of productivity they are getting close to potential water productivity [10].

Water economy by the end of XXlis possible to suggest that by the end of XXI century, high
technical level of future wat&conomy systems will be ensured at account of the following components.

1. One hundred percent keeping record of all types of water (from basin main sources to the last
discharge outlet to a user, including all groundwatéhneir intake from wells, attemtion) and their
regular balancing ctine with SCADA systems. Such recekdeping will be accompanied by a dense
network of climate stations recording and transmitting to-@s®ts and water organizations the data
allowing them with the use of programsa#lable to them to adjust water consumption, mode of use and
water distribution plan. SCADA systems that have been used for almost ten years (for instance in the
Basin hydroeconomic association Syrdarya in Central Asia), ensure precision of water medsuwuaacthe
water supply N 2% with comparatively |l ow cost. Cl
Canada, Israel, and a number of water districts of western U.S.

2. Well set up service of hydrological, climatic and reclamative forecasts withasis to forecast of
emergencies based of computerized program of satellite and ground tracking, information and warning.
Such services are operating successfully today in Korea and the Netherlands. In the Netherlands, the
service controls emergency moalieflood control works of the highest technical levatlosing riverbeds
from the possibility of incoming of upsurge wayvVves
complex networks of excess water entrapping and diversion [11].

Water supplyand consumption in cities and rural areas will be ensured based on established regional
norms both for quality and quantity as a mandatory prerequisite for residential zones functioning. Other
needs will be satisfied (as in Israel) at account of servatenuse systems from unpolished, but permitted
effluents or brakish water. All municipal effluents will be collected, treated and sent via water ducts,
depending on treatment extent, to satisfy production needs, for watering of municipal and townghip plan
sanitary service of bu#ip centers. Similarly rain and meltwater from storm sewage system will be
coll ected and wused. AiGrleennt irnogo fosfo vweiglelt aga iom gorno ubn

Irrigated farming as a major water consumer whilaiege in a big way. Open channels supplying and
distributing water will disappear in the world. Irrigation water will be transported (on the model of the
majority of countries of Middle East) by closed pressure andflioge conduits allowing avoidance of
losses for evaporation and infiltration. Irrigated fields will become automated controlled, depending on
climatic parameters, space. For soils with vael’eloped wicking properties in relatively plain valleys
and individual plateaus, controlled subirrigat will be widely used. This is the system of moistening
where all the water, save for precipitations, comes to a plant from groundwater. Groundwater level,
depending on development stage of a plant and depth of its root zone, will be regulated bs afyste
underground pipelines spacediB® m that will function both as deep drainage as well as water disposal
during cessation of watering. Such pilot systems with automatic regulation of water conditions organized
in Quebec (Canada) by McGill Universityas been functioning for many years nda-14].

Improved watetuse systems will demand also improvement of drainage systems including collectors
that will be closed. Dense observation network with sensors reflecting groundwater depth readable from
the pace, and also inspection manholes on collectors and drain lines with the same sensors will be under
constant control of automated hydrogeologieallamative parties. This will allow evaluation of drainage
function, extent of salinity hazard, trace viddais of forecasted wataalt balance and development of
recommendations for using mineralized water and preventive maintenance of the drainage network for
wateruserq15].

Keeping of todayods trends in wat erinadmissiblailtis es us
a path of conflicts, crisis, hunger and thirst.
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Recommendations and scenarios for prevention and mitigation of adverse effects of groundwater
status change at regional and national levels in Kazakhstan

Climate change should be consil® as one of the main reasons for change in water basins
environment, as well as one of many factors exerting pressure upon water resources. Therefore, scenarios
of adaptation measures for specific basins, it is necessary to take into account nonwaily atianges,
but also changes in demographic situation, economic growth dynamics, nutritional preferences etc. These
scenarios must be developed with the maximum possible cooperation with neighbor countries, and what is
especially importarit with the useof models and data agreed with them-[14.

T One of effective approaches to fulfilling the task of water resources management adaptation to
climate change is the development of a plan (national or transboundary) of adaptation measures in the
scales ofa specific water basin (river, lake or groundwater), which subsequently could be integrated into
(existing) plan of respective basin management.

T To develop strategy and scenarios, and also to identify vulnerabilities and adverse effects of climate
change, it is necessary to have full information and data about the whole basin. Therefore, it is necessary
to ensure collection and sharing of required information, data and models related to the basin as a whole,
as well as to all water cycle componenis. be able to flexibly manage the process to adaptation to
climate change, required is a system of situation monitoring and regular correction of estimates, scenarios
of climate change and forecasts of water balance status.

Potential of adaptation to chges and water safetytrengthening of water safety often requires
combining of technical, economic, production, legal and institutional measures. Water safety concept may
help identify which measures are priority. Selection of measures depends on nsraittbgoals. Each
specific situation has its problems and context that affect what can and must IpE8jlone

Committee for water resources of-geeated in 2019 Ministry of Ecology, Geology and Natural
Resources (EG&NE RXis the national body responstbior the use and protection of water resources. It
issues permits and consents for the use of surface water and underground water resources. It is also
responsible for water supply system management. With the help of eight basin organizations responsible
for the use of water resources in river basins and having advisory powers, its activity covers water
resources management at the level of river basins. Committee for Geology and Subsoil Use of
environmental protection issues permits and monitors statusgrofindwater. The National
hydrometeorological institute, Kazgidromet monitors water quality and quantity. Territorial
administrations of environmental protection supervise at oblast level, perform environment impact
assessment and ensure monitoring of ewaater discharges. Through the Committee for Geology and
Subsoil Use, the Ministry of EG&NE RIks responsible for groundwater status monitoring, including
water quality. The Ministry of Health monitors situation with access to drinking water and it/ qualit
Ministry of Emergencies carries out relevant activities in case of floods, droughts and ensures protection
of water bodies from pollution resulting from emergencies. It also deals with the issues of safeguarding
and security of waterworks.

Groundwater.Groundwater is the largest source of fresh water for the humanity. Isotopic methods
are based on the use of stable and radioactive isotopes, naturally present in groundwater to identify origin
of such water and rate of its replenishment.

Groundwater makesbout 30 percent of water stock of fresh water. another 69 percent are
concentrated in polar ice, and only one percent of fresh water is rivers and lakes. Groundwater often
occurs in deep aquifers, permeable rock and sediments and is extracted via wyefiecewvith pumps.
Aquifers in many cases are renewable sources that are slowly recharged by infiltration of precipitations
within hundreds or even many thousands years.

Growth of the plant population along with farming intensification and increasing camane
consumption results in constant increase in demand for groundwater. In many regions water management
bodies have to face excessive use of available aquifers, which often results in the necessity to use water
from deep ancient beds to ensure reliabbsh water supply. Besides, there are hazards related to
groundwater penetration of pollutants and toxins used for instance in agriculture, industry or activities of
municipal services.

Scientific assessment of aquifers origin and rate of replenishmera dacisive importance, so that
they could carry out their function of a reliable letegm source of water supply. Stable and radioactive
isotopes naturally present in groundwater can be used for obtaining detailed information about
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groundwater origin ah replenishment rate. Water isotopes (hydrogen, oxygen) and radioisotopes
(tritium), dissolved carbon (carbel) and inert gases (heliug helium4 and kryptor81) are used to
assess groundwater age.

Struggle with groundwater pollution is not an eas¥k &ace pollution of aquifers is quite difficult to
eliminate. Stable and radioisotopic indicators (nitreincarborl3 and tritium) are used for recording
pollution sources and quantitative estimation of pollutants transformation and biodegradatipriféin
systems.

How can climate change affect status of global water stock in hundred years? To answer such
guestions, scientists resort to help of scientific models. One of them is water balance isotopic model
developed by IAEA, by virtue of which spelisis may quite precisely and reliably forecast the impact of
climate change upon water resources in the far future. Information collected by them can be useful for
decisionmaking authorities while developing strategies of sustainable wagefor futuregenerations.

Such models are based on available data and are used for studying and apprehension of hypotheses,
objects and processes, direct observations of which can be difficult. This relates also to preliminary
calculations such as forecast of weattmnditions for the next week or evaluation of unemployment rates
within next five years. Although this model is in substance a more general and simplified picture of real
world, each of its components is thoroughly calibrated to ensure faithful represenfgirocesses going
on in the reality.

Water balance models describe hydrological cycle from the view of precipitations falling processes,
cumulative evaporation, river flow and change in volumes of water stock. As opposed to many traditional
models of water balance, calibration and verificatdd IAEA model are performed based on data about
isotopes, as isotopes are characterized with-aeflhed features and constancy in behavior. Resting upon
thoroughly calibrated and verified water balance model, scientists may obtain a precise asséshment
processes that will be going on in the future, for instance, impact of climate change upon water resources
in one hundred and more yedii9-20].

Study of climate in Kazakhsta®tarting from early 6& 6 |, Kazakhstan experienc
of temperature. Seasons become warmer on average. Temperature constantly rises, and increase rate is
about 0.028 degree a year, or 0.28 degrees every 10 years. The system of calculation and evaluation of
damage needs r ef or mi n gaccountnbt orilydossasehatehave lzappgned here and k e
now, but also consider future economic losses from damage to health, infrastructure destruction or
i mp ai r-expendsay.

According to data of studies of RK Ministry of Energy and UNDP, maximum nupfbextremes in
the nature of Kazakhstan occurred in 19968 cases with frequent repetition of heavy precipitations,
snowstorms with windstorms and hail. Minimum number is 72 in 1995. Experts note that climate is still
changing and will change in thatfire, and every year manifestations will be more noticeable. The study
says that Kazakhstan to significant extent is exposed to natural disasters due to climatic and weather
conditions: country occupies vast territory with different climatic zané®m very hot and dry desert
belts in the south to very <cold in winter steppe
harder. Due to high air temperature, evaporation will grow as well as water consumption.

In XXI century, in Kazakhstan further significant climate warming in all scenarios under
consideration should be expected. The forecasted change of average annual air temperature by 2030 will
be within 1.51.7 degrees, and by 2085 temperature rise may thake. 7 d e-the exgedsdksay. East
of Kazakhstan and Almaty oblast will suffer from changes in nature. Eastern anekbastgin territories
of Kazakhstan may suffer to greater extent due to changes in nature. In mountainous area, all types of
natual disasters are possible: landslides, mud flows, avalanches, floods, hurricane winds, hails, storm
precipitations, frosts and droughts. Experts believe that Almaty oblast is under the highest exposure of
extremes. Almost every second case happens inrdhisn: heavy rains, wind, snow and snowstorm.

Here, in the period of 2003015, as compared to previous period of 19002, average annual number

of cases with heavy rains increased by 3.9 times, with heavy istigwB.3 times, with strong wind by

16t i mes. Al ncrease of number of mudfl ow events
extreme weather evenis damage to environment, infrastructure and health of population, and this
represents pressure not only to the state providing servickansiportation, healthcare, prevention of
emergencies, but to business operating in clirndtnted industries tourism, agriculture, water
resources. Companies operating in these areas will also experience and spend due to climatic events, and
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thisalsoneeds evaluation and expertiseod, a specialist
the population of the country, for instance, agricultural branch will be harmed. According to experts,
intense atmospheric and soil draught is possible, whiitl destructively impact productivity of crops.
Watering zones for crop farming will be shifted to zones where will be more ample precipitations and
those zones will be losing their area.

Conclusion. This paper combines contemporary views about wafetysand suggests methods of
actualization of the concept in practice. It rests upon scientific literature and experience of partners along
the chain of knowledge of the Global Water Partnership (GWP) about concept application in practice. The
paper considrs three components. The fifsexplains the concept of water safety and describes various
frameworks where the concept is used. Comparison was made of approaches to water safety between
development approach and the approach based on risk assessment @&t describes relations
between the concept of water safety and Water Resources Integrated Management (WRIM) and states that
they are interconnected and that water safety should be considered as a WRIM goal. Third part suggests
frameworks for quantitave estimation of water safety giving notes and recommendations, how to apply
them at the national |l evel, |l evel of a-sizefitsvad rl bda s i n
solution. Decisions of water safety increase must be adaptigtdl conditions of each country, river
basin, city, project and other management areas.
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SIMULATION OF SUBTERRANEAN HEATING OF COAL
BY PASSING ELECTRICAL CURRENT THROUGH
ELECTROTHERMAL BREAKDOWN CHANNEL

Abstract. The paper describes a mathematical model that simulates the heating of an underground coal bed by
passing electrical current through electrothermal breakdown channel. The breakdown channel, which is a heat
source, is formed between two electrodes locatetieé wells inside the subterranean formation. The electrodes are
connected by cables to the aboveground electrical equipment. The diameter of electrothermal breakdown channel at
the time of formation is small, and it expands as the coal is heated andizadin the vicinity of the channel. The
distance between the electrodes is set to 0.5 meters. The values of dielectric and thermal properties are taken on the
basis of experimental and literature data for the coals of the Republic of Kazakhstan. élHepgandences of the
temperature in the center of the heated part of the reservoir at different heating powers are obtained. The images of
the thermal field in the heated region and its immediate vicinity are shown. The results of calculations of electrica
parameters of required for heating electrical equipment, and changes in these parameters over time as heating, is given.

Key words: Coal, breakdown, heating, carbonization, gas.

Introduction. Researchers offer a number of ways for heating the coal directly underground. The
most common is the underground gasification due to incomplete combustion of-8paAfkcording to
this technology, an oxidant, which is mainly air or a vagiomixture,is injected into the underground
reactor. A set of oxidative and reducing reactions produce a gas with a calorific vali@ bEAT,
which contains the hydrogen and carbon monoxide as main combustible components [1].

The limitations of this method indlie the high content of nezcombustible components in the gas,
mainly nitrogen and carbon dioxide. As a result, the gas produced has a low calorific value, and thus a
narrow field of application. The main product of this technology is gas. Coal tar isddmeamall
guantities and is not used as a product.

Another approach is the heating using the outside heat, for example, from an electric heater. If we
place the heaters directly in the wells, it will be possible to heat only that part of the coardnabvsed
from the well by no more than2 meters. Heating of a more remote zone requires more time (more than
six months) due to the low thermal conductivity of coal.

To eliminate this drawback, the heating element should be extended along the lengtheaf.tOne
of the known solutions is as follows. A fracture channel should be created between two wells and filled
with granules of an electrically conductive substance, for example, graphite. Further, the formed current
path is used as an electric heddieb].

Research methodologyWe propose a method that is similar to the one described above, however, it
eliminates a large number of expensive and complex preparatory operations. To pass a current through a
section of the reservoir, the method requives wells with electrodes (figure 1).
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Figure 1i Plan of subterranean heating method

An electric current causes the release of Joule heat in the coal:

~

0O _ YODOQO & —Qp 1)

whereQ - is the thermal energy,- is the currentlJ - is the voltage on the electrod&; is the resistivity
of interelectrode space; is exposure time.

The specific electrical resistance of coal iS’M“Oh mLcm t hat i s-10l.8Hus&ai vel y
very high voltage will be required to provide the power release enough for heating. However, a decrease
in the interelectrode resistance can be achieved by creating a breakdown channel. The breakdown channel
is formed from the substance of coal rfiedl by plasma of electrical discharges. As a result of pyrolysis
under the action of high plasma temperature, the resistance of the coal decreases. It is known that in the
temperature range of 330 0 AC wi t hout air accesasaresuliéselearaal s ub
resistance decreases tolFO h m L. ¢-8). Duebto this, the channel has a low resistance that is sufficient
to pass current at a technically feasible voltage value.

To assess the effectiveness of the method, it is necessaalcttate the required voltage and power
of the aboveground electrical equipment, as well as the achievable heating rate. The article describes
mathematical simulation in order to determine the temperature dynamic in the vicinity of the channel, and
to cakulate the required technical characteristics of the aboveground power supply.

Thermochemical conversion of coal without access of external reagents

When coal is heated, the organic mass undergoes changes occurring under the action of temperature.
Inthemnge from the initial temperature to 120AC, ¢t
in both free andiod ound f or m. Upon further heati negouhdrom 1:
and pyrogenic moisture is released. Further, in theerang r om 3 00AC to 550AC, sol
decompose with the formation of liquid and gaseous hydrocarbons. The residue from the decomposition
reactions is coke or amorphous carbon. Due to the appearance of coke, the electrical resistance of coal is
rduced. At temperatures above 550AC, secondary re
carbon occur. The products of these reactions are hydrogen and carbon monoxide.

Initial data for the heating calculation

Suppose that there are two wallilled from the surface to the underground coal seam and located at
a distanced from each other. The wells contain an electrodes placed at the bottom and connected by
cables to an aboveground source of electrical energy. Electrodes are electricaltezbtmeach other
due to an electrothermal breakdown channel. The channel will operate as an electrical heating element,
heating the subterranean formation. Let us consider the heating process.

The power of electric heating released in the reservoitbaibpent on the heating of the surrounding
space and thermochemical reactions. In addition, part of the thermal energy will be dispersed into the
surrounding space. Thus, the heat balance of heating is as follows:

0O 0 0 0 2)
whereQ;; is released heating enerd),; is the energy spent on the heating of the r@gk; is the energy
spent on thermochemical transformatioQs, is the energy dispersed into teerrounding space due to
thermal conductivity.
Heat source
The heat source is an electrothermal breakdown channel. Heating starts from the moment when the
electric discharge structures developing in the coal close the interelectrode gap [11]. At the time of the
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formation of the through conductive channel, its ddgan is very small compared with the interelectrode
distance. Usually, it is not more than 0.1 mm [12,13]. The channel can be simply represented as a straight
line connecting the electrodes. In this case, the heating source is a cylinder having eglesisteakce:

Yo - —, ®3)

whereR - is channel electrical resistana@,- is the channel lengthj 7 is electrical conductivity of
carbonized coaD - is the channel diameter. The channel consists of a coal substance after pyrolysis. The
resistivity of this substance is about 100 qLcm
heats up, the coal in it also undergoes pyrolysis. Its rasistalso decreases, thus conductive channel
expands (figure 1).
The power released during heating can be mathematically written with the expression:
w ,0, (4)
0O o 0O 0, (5)
whereE - is modulus of the electric field vectdg,, E,, E,- are its projections in three dimensions.
Heat absorption
As we can see from the heat balapgeation (1), heat is used to heat the coal substance, as well as to
thermochemical transformations. The component responsible for the heat of thermochemical
transformations can be either positive or negative, depending on the balance of exothermic and
endthermic reactions. In different temperature ranges, the pyrolysis heat flux can be positive or negative.
On average, however, endothermic reactions dominate, so part of the heat is absorbed. The physical heat
capacity of coal, without taking into accouhermochemical reactions, also depends on temperature. It is
not possible to determine the temperature dependence of the heat capacity of coal without taking into
account the energy of thermochemical transformations. Therefore, the researchers moreeoften u
effective heat capacity, i.e. heat capacity taking into account energy absorption at thermochemical
transformations. Our calculations used the temperature dependence of the effective heat capacity, the
analytical form of which is approximated in ttemperature range according to a polynomial function.
Heat dispersion
Initially, the subterranean formation has some initial temperature. If we heat a part of the reservoir,
some of the heat will be distributed to less heated surrounding areas due torutkaition and mass
transfer. Since coal is not transparent in the infrared, there is no heat transfer due to radiation. Presumably,
the main heat sink will occur due to thermal conductivity, therefore mass transfer in the model is not taken
into account.
The evolution of the temperature field is taken from the solution of the-dimensional heat
conduction task, which includes the heat conduction equation:

H— — _ — —_— —_— ®o 6)

whereT - is temperaturet - is time, X, y, Z - are spatial coordinates;- is the heat capacity, - is the
density,a- is the heat conductivitfy(E) - is a source of heat.

We used a coefficiert as a measure of the change in eétexctrophysical and thermal characteristics
of coal that occur as it heats. It is called the degree of conversion, and changing from 0 to las the coal
heats up. A value of 1 means that the coal in this area is fully pyrolyzed and has the highest electrical
conductivity.

Heating conditions

The initial heating conditions are defined as follows:

o ™Y tTh- T8
Taking into account the experimental and literature data for the coals of Kazakhstan, the following
averaged parameter values were adopted:

| 1800kg/n?, the values of thermal conductivity and heat capacity are defined analytically in the
form of a polynomial approximation with the temperature:
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The values of the coefficients are given in the following table:

The value of the coefficients for heat capacity and thermal conductivity

Ko ky ko ks Ky ks
c 1, 378L -11,763 0,145 3, 96%1L i i
> 1,566 -0,064 1,215 -1,062L 4,39L1 6,92%L
The dependence of resistivity on temperature is approximated by the function:
)

" QAgmY

where k= 1, 7 3'9ks=8-Q,0u6%7.
The calculation was carried out using an implicit splitting scheme and coordirsgenarching.

Results and its discussionThe calculations were carried out for an interelectrode distance of 0.5 m.
Figure 2 shows thdependence of the temperature at the center of the interelectrode gap on the heating

time. In this case, the constant heating power mode was used.
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&0

Figure 2i Temperature in the center of the interelectrode gap at different values of the released power

Initially, the heating is intense, then, when the temperature near the electrodes becomes high, the

heating slows down due to the outflow of heat into the surrounding space.
In addition to temperature in the interelectrode space, the efficiency of tmolegy is also affected

by the distribution of thermal energy in the vicinity of the electrodes. Figure 3 shows images of the
thermal field in the computational domain at different times with a heating power of 3 kW.
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b)
Figure 3i Thermalfield in the calculation plane at time points: (a) 5 minutes, (b) 30 minutes, (c) 10 hours.
The most notable are the following features. At the beginning of heating, the temperature increases

sharply in close proximity to the electrodes. Next,itlterelectrode space is heated, while the surrounding
areas are weakly heated. After a longer time, the thermal energy begins to be distributed in the direction

away from the electrodes, heating the area within a radius of several meters.
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Preparation of &hnology field tests requires the values of the technical parameters of aboveground
electrical equipment. Using the values of the initial and final (before and after pyrolysis) resistances of
coal and calculation of the conversion degree, we can deteth@rehange in interelectrode resistance as
it heats up. Results for the interelectrode distance of 0.5 m are shown in figure 4a. Using the known
resistance value, we can determine the required values of voltage and current. The calculation results for
thefixed power mode of 3 kW are shown in figure 4b and c.
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Figure 4i

Interelectrode Resistance (a), voltage on the electrodes
and current through the channel (c) at heating with
a constant power of 3 kW of 0.5 m interelectrgde

Thus, the results obtained can be used as a guide for the field equipment development. According to
calculations, a voltage of about 22 kV will be required to initiate heating. As interelectrode gap is heated,
the resistance will decrease. In accordanith the decrease in resistance, the voltage should be reduced
and the current should be increased in order to maintain the power at a constant level [14,15]. Within an
hour, the resistance decreases to less th@hni, so the given heating mode requitess ¢urrent of about

500A.

The considered model has a number of limitations. The model does not take into account the
following factors that occur when a real underground formation is heated:

T the change in thermal conductivity due to cracking;

T the masdransfer;

1 the dielectric and thermal properties of coal are assumed to be isotropic, although due to the layered
structure, the thermal conductivity and electrical conductivity are likely anisotropic.
However, since the purpose of modeling is to esentia¢ first approximation of heating parameters,
we suppose that these assumptions are justified.
Conclusion. The results of the calculations show the possibility of reaching of the pyrolysis
temperature in the vicinity of the electrodes over a periodheftmur, with heating power in few kilowatt
and an interelectrode distance of f5At the initial stage of heating, the temperature increases only in
the immediate vicinity of the electrodes. In the next few hours, the area that is several metersraway fr
the electrodes is heated. The initial resistance of the interelectrode area is large; it requires the voltage of
tens of kilovolts to release the power enough for heating. During the first hour of heating, the resistance of
the channel is significantlyeduced, and maintaining heating requires passing a current of hundreds of

amperes.
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RATIONAL DIAGRAM OF DRILLING AND VALUES
OF WORKING ANGLES OF ADRILLING TOOL CUTTING BIT

Abstract. The process of the rotary drilling process and proposes rational dpditeyn applicable for drilling
operations is considered in this article. The analysis of the kinematics of the drilling tool in the process and the
direction of drilling speed is determined. The valaogthe working angles of the cutting tooth of thélicig tool are
assigned, which strengthen and prevent the sinking of the walls of the wells, and also prevent the occurrence of
vibrations in the drilling tool. The dynamic loads associated with speed change in the process are transmitted to the
cutting tool. If the speed of movement is uniform, then inertial forces arise at the time of sudden braking. If the
motion is accelerated or slowed down, then inertial forces arise in the process of motion itself. In contrast to existing
designs, when for most tlimg tools, a pair of acting forces is directed along the direction of rotation of the drilling
tool, that is, horizontally, in our case, a pair of forces is directed along the axis of the drillinyéoiatally. The
vertical direction of the pair dbrces along the axis of the drilling tool reduces the resistance to drilling, as well as
the appearance of a retracting force down the axis of the well. The optimal geometry of cutting teeth with rational
valuesis proposed. The studies were conductedié¢termine the durability of the drilling tool, depending on the
emerging drilling forces. According to the research results, a drilling tool with cutting teeth from a carbide plate was
designed and manufactured.

Key words: rotary drilling, hole, rock cting tool, drill string, drilling pattern, shearing forces, wear, soil,
cutting speed, drilling speed, vibration, rock, drill fluid.

Introduction . One of the most widely used methods for creating production and exploration wells is
rotary drilling. It isprovided by the transmission of rotational movements from the surface rotor to the
drill string [1].

Rotary drilling has been used for over one hundred and forty years [1,2]. The technology of this
method of wells punching was first used in the UnitedeStatf America in the early eighties of the
nineteenth century. Since then, it has not changed much, with the exception of minor innovations that have
led to the efficiency of the process. The changes affectedcuttikg tools- they were improved, new
liquid media were created for washing the wells, and the strength of the parts of the mechanism was
strengthened [1,2].

In rotary drilling, the static axial loads are greatest and are created by the deadweight of the drill
string. Other loads leading to téesstresses include pipe friction against the rock when lifting the
column, pressure drop in the turbodrill and drill bit, force caused by sticking and tightening of the column.
During the drilling tool round trip operations, dynamic loads are transféorédee drill string connected
with a change in speed. If the speed of movement is uniform, then inertial forces arise at the moment of
sudden braking. If the movement is accelerated or slowed down, then inertial forces appear in the process
of movement &elf. In the vertical sections during rotation, variable loads appear due to the curvature of
the column as a result of stability loss [3].

The relevance of researchBasically, in rotary drilling, the roller drill bit is the most loaded and
critical elemat of the drilling rig, for the life cycle of which (almost more than 10 years), the costs of used
bits are usually several times higher than the cost of the machine itself [4,5].

—— 24 ——



mailto:uralov-1973.2@mail.ru
mailto:mr.abdali@mail.ru

ISSN 22245278 Series ofGeology andlechnicalSciences3. 2020

In connection with the crisis rise in the cost of drilling operations, relsday scientists is aimed at
solving the following main directions [4,5].

a) Improvement the design of drilling rigs in order to increase their reliability;

b) Improvement and creation of new higheed and weaesistant structures of drilling tools far
number of typified mining, geological and technological conditions of quarries;

¢) Improvement the organization of drilling operations management and forms of service
maintenance;

d) Optimization of the technological process of drilling wells directlyhia industrial conditions of
existing quarries.

It should be noted that the first two directions are carried out outside the quarries, differ in
evolutionary development and are the subject of mainly design develogménis7 |

It is known that whemrilling deep wells, 11 factors were identified that affect the wear of a drilling
tool, the geometry of the drilling tool itself being prevailing [6].

On these topical i ssues, a group of scientists
drilling wells in the extraction of sol i d, i qui
explore a new drilling scheme [70611].

Purpose of work Study of rational drilling patterns and the values of the working angles of the
drilling tool of the rake angle, relief angleU, wedge anglé, and also the angle of inclination of the
cutting toothry .

Materials and research resultsIn existing drilling tools during drilling, the nature of the developed
compressive and shearing forces, the sizgagficles separated from the massif depends on many factors
[12618]

Upon reaching stresses in the rock being destroyed at a critical level, a chipping will occur in front of
the leading edge of the cutting edge of the drilling tool. Further, the drihimigrotating around its axis
will stretch against a recently formed chip ledge and the process will be repeated. When a drilling tool
slips during drilling process crushing, shredding and chipping of rock is occur.

As the hardness of rocks increases fiamft to medium, the angle of the cutting edisf the tapered
teeth increases from 300346cltttoi n8y0 &t 9%0elt,h aanndd tihnes esri

With such values of the rear andlethe cutting taper of the drilling tool becosngull, and obviously
the drilling forces will increase significantly.

For carbide rock cutting tools, the working front, rear, and taper angles are not interconnected, since
the reinforcing plates can be of various shapes, and for drilling tools wittodiararbide plates most
often can be round cylinders. The point angle f such plates badrea@ae and
interconnected. The cutting forég,: and the formation of cleaved rocks depend on the value of the rake
angleb.

The greater theegativity of the rake angle, the higher the resistance of the rock to cutting. The
magnitude of the rear angle depends on the kinematic, technical, mining and technological conditions of
cutting [19].

It is proved that the resistance of the rock to dnglR. and chippingRs, are proportional to the
contact strengthP. [20]: R. = 0.24.; R, = 0.08°, - for incisors with a positive rake angle
R.n= 0.07c- for incisors with zero rake angte R., = 0.08° - for incisors with a negative rake andle

Usually, to prevent the cutting element from landing on the rear face when passing through the top on

a descent from each wave, the value of t-tutingb a ¢ k ¢
drill reinforced with diamon¢hardalloy drill plates, the fronth and rearU angles are structurally
interconnected (at an angle of sharpeirg90A) , t hen the maxi mum negati vi
in cutting force for new generation crowns is theerakgledbe qual to 15A [ 19] .

Some scientists believe that the working rear akjien mi ni ng tools is wusual
recommended to increase it too much at the front positive angle, as this leads to a decrease in the strength
of the cutting part. Wi th the front, negaottheve an.

strength. Weasitesin this casegrow lessintensively[21].

In practice, depending on the strength of the rocks, rational values of the angle of shaiemning
the working rake angle characterizing the strength of the cutting part are esthtdistieti=6 0 6 6 5 A
bp =0 6 1, On&dium strength- U = 6 50 7[) A 15 0 D above the average strengthi =7 06 9 0 A

bo=-25-B0[A22524] .
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The proposed drilling patterns are significantly different from existing methods. The difference lies in
the fact that the cutting disk located at a certain angiglative to the axis of the drilling tool 1, vertically
from bottom to top, planes the ro@figure 1).

Figure 1i Scheme for determining the working angles of a cutting tooth of a drilling tool

In the halfturn of the drilling tool, the left part of the tooth along akiwith surface2 cuts off the
soil from the walls of the well, where the right part of the tooth with suaaleng axis4 smoothes the
treated surface of the wello study the drilling pattern and determine the optimal working angles of the
cutting wedge, experiments a drilling tool were carried out on teeth 2,3,4,5, which are made of high
speed steel (figure 2). For cutting into the soil in the design of the drilling tool providédntypinted on
the housing and equipped on three rows with round carbide inserts.

Figure 2i Drilling tools with cutting teeth made of higdpeed steel grade P6M5

The difference between the emerging pair of forces from the drilling tools used in the direction. If the
majority of drilling tools have a pair of forces directed on the direction of the drilling tool rotation
[4,6,12,16,18], that is, horizontally, then aur case, a pair of forces is directed along the axis of the
drilling tool in the vertical direction (figure 1). This confirms the forecasts for a decrease in drilling forces,
as well as the appearance of a retracting force down the hole. For thigedessary to conduct additional
research to optimize the angle of inclinatiorand to refine the technological process with respect to the
ratios of the values of penetration and rotation of the drilling tool.
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It should be noted that according to titeometry of the drilling tools in existing drilling methods, the
back face touches and rubs against untreated soi
this connection, the drilling process as a whole is deteriorating.

In the studied dégn of the drilling tool, the back relief anglés and U, along surface 5 have zero
values in statics, and in kinematics it will reach negative values (figure 1), which will smooth and tamper
the cut surface of the well. It turns out that by treatingstivéace of the rear surfaces of the cutting teeth
of the walls of the borehole, we strengthen it, preventing shedding and fragments of parts of the walls after
drilling. In addition, the full contact of the surface 5 during the drilling process doeslmetvdbrations
in the drilling tool (figure 1).

Preliminary calculations of the geometric parameters of the cutting tooth were made taking into
account the volume of the element capturing the rock was calculated based on the volume of the
trapezoidal slotn the disk knife (figure 3). There are special slots for the removal of cut soil to the top
with drilling mud on the cutting tooth.

According to the deformation of solids [25,26], to obtain a clean shear, taking into account the tooth
thicknessh, and thevolume of rock extracted per one revolution, the lifting angle of the cutting tooth was
set asy= 1 8 & digue 1). At such values of the tooth elevation angle, it becomes possible to obtain a
shear angle of the rock close bo= 4 & & known that wih such kinematics of the cutting tooth,
minimal efforts are spent to destroy a solidi[2B].

The experiments were carried out on drilling of mixed soils with a drilling tool with cutting teeth
made of highspeed steel grade P6M5 (figulBe

Figure 3i The design of the fifth cutting tooth (figure 2)

The drill tool contains a sleeve 6 (figure 2), four parateunted teeth 2,3,4,5 mounted in it in the
form of disks having cutting edgésandB (Figure 1). The cutting edges have the same relief argles
toU=U=-( 0 & landtle)ake angles with the valwés= 2 0 625-A2 086 25 A) .

Based on the obtained research data, a boring tool with cutting bit was made from a carbide blade of
the BK6 brand (figure 4). The boring tool is designed for dgliif hard rock, it has: 1a coneshaped tip
equipped with solid plates in two grooves; 2,3,4gutting bit in the form of a disk made of structural
steel grade 45 steel. The disks are mounted on the drilling tool sleeve (6) and are equipped with hard
plates on the front surfaces; 7,8,9/1080le for the delivery of drilling fluid into the drill zone, under a
certain pressure. It should be noted that the drilling fluid is supplied separately to the drill zone for each bit
which facilitates the removal @ut soil. In the sleeve 1, the design of the drilling tool provides a shank
with a tapered thread, which is installed with a sleeve adapters on standard drill pipes.
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Figure 4i A boring tool with cutting bit from a BK6 carbide plate

Conclusions According to the research, the following results are formed:

1. The studied drilling pattern is rational, applicable for drilling operations. The drilling Sgestd
point A will be directed upward at an angle depending on the values of revolutideeahdf the drilling
tool. The resulting pair of forces is directed along the axis of the drilling tool vertically making it possible
to reduce the drilling forces, as well as the appearance of a retracting force down the bligehel&)(

2. Negative walues of the rear anglés andU, along the surface 5 of the cutting bit will smooth, tamp
the cut surface of the well, preventing crumbling of the walls of the well (figure 1). The presence of
contact between the rear surfaces of the bits strengthemsliseof the borehole, prevents shedding and
occurrence of vibrations in the drilling tool (figure 1).

3. An optimal geometry of cutting bit with rational values has been developed (figure 3).

4.Based on the calculations and experiments, the workingesirafl the cutting bit are assigned
(figure 1):- the angle of the cutting bitriseis= 18 6 22A, where mini mal ef f
solid; trailing angles equal td&h = U, = - ( 0 6 1 andl Aadke angles with values = 208525 A
»=-(2008.25A)

5. Based on the results obtained, a drilling tool with cutting bits was designed and manufactured from a
carbide blade of the BK6 brand to determine the resistance and study the emerging drilling forces (figure 4).
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USE OF EXTREME PROPERTIES OF DEFORMATION
FOR ESTIMATION OF ST RENGTH OF CONSTRUCTIVE
CONCRETE AND REINFOR CED CONCRETE

Abstract. To estimate the resistance of structural concrete and reinforced concrete to destruction, as a criterion
for reaching the ultimate state, extreme properties of the energy (power) of compressed concrete deformation are
used.

Normal and inclined to the loitgdinal axis of the bending elements cross sections are considered in the most
stressed zones. Thetdaimmad adii @agr @am udhed dist reslscul ati on:
of the beginning of macrdestructurization, which mak it possible to exclude a-esaluation of strength. The
value of the ultimate strain is determined on the descending branch of the diagram at the point corresponding to the
maximum deformation energy. Super limiting strain is accompanied by a shagasteaf stresses and structural
rupture of the material. The dependence of the ultimate strain value on the parameter of thplaststic
characteristics of concrete is given.

The values of the ultimate straifiar concrete of different classes are abéd. The strength problem of a
compressed inclined element near the supports as a component of the truss analogy is solved. The result is obtained
on the basis of a variational method in the theory of plasticity. The functional of virtual velocitigiplpria used.

Concrete is considered as a rigidstic body. The shear failure occurs within the boundaries of the inclined element.
Intense deformation is considered localized in a thin layer on the failure surface. To determine the value of the
ultimate load the upper estimate is applied. The minimum power of plastic deformation is used as a criterion. The
area of implementation of the truss analogy method is specified.

Key words: concrete, reinforced concrextreme deformation properties, ultimateformation, shear, truss
analogy.

Introduction. To estimate the strength of concrete and reinforced concrete structureslireaon
deformation model has recently been widely used, which forms the basis of a number of author and
normative techniques {&]. It examines the distribution of the strain in the sections normal to the
longitudinal axis of the elements and allows use the stress diagrams in a compressed zone concrete
corresponding to it and experimentally confirmed. This shows the actual wthk iltimate state. The

most proven relationship between stressgs and strainse; of concrete is the fractionally rational
function [b,6. Meanwhile, it should be noted that the value of the ultimate strain of concrete, which
bounds theﬁsm- e diagram on the descending branch, is not uniquely determined. At the moment, the

experimentally determined values of the ultiematrain of concrete vary over a fairly wide rang&,[2,
and require a clarification.
The tasks of estimating the strength of elements in inclined sections are solved on the basis of the
method of truss analogy with the introduction of empirical coeffits [810]. At the same time, the shear
form of failure is experimentally confirmed, both within the boundaries of the compressed strut (strip) and
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under the dangerous inclined cra&kl1R]. At the same time, the empirical approach does not allow the
estdlishment of clear boundaries for its implementation.

In [13], the cyclic strength of asphalt concrete was determined depending on the level of deformation.
In [14], the safety margins of the truss structure were established using the criterion of thanmini
perceived mobile load.

In accordance with the abovementioned, the solution of the problems under consideration on a
general theoretical basis is relevant. The application of the extreme principles of mechanics of a solid
deformed body seems promising.

The purpose of this study is to improve the methods for estimating the strength of structural concrete
and reinforced concrete based on extreme deformation properties and the theory of plasticity.

Research methodsTo achieve this purpose, the methods ethanics of a solid deformed body are
used. As criteria for solving problems of strength, the extreme properties of the energy (power) of concrete
deformation are considered. The concept of rigid plastic body is implemented. The variational method is
usedin the theory of plasticity, the principle of virtual velocities, the upper estimate of the ultwadte
discontinuous solutions. The functional principle of the virtual velocities is investigated on a stationary
state. As a condition of plasticity atcartain range of stresses, strength condifi®j is used, which
generalize classical theories of Mohr and Mises
deformation of the concrete, beyond which comes the macrofailure of its structets, thre criterion of
the maximum potential deformation energy. To estimate the strength of the elements under the shear,
kinematically possible schemes of its failure are considered, and that one is taken at which the plastic
deformation power is minimal.

Results. The task of evaluating strength in normal sections of reinforced concrete elements under
bending in B,4] is proposed to be solved by determining the values of the moments corresponding to the
maxi mum i n tder ianourreendi doerf ofrmmoameinotn 6 di agr ams. I n

of not exceeding the ultimate valug.; by the strain rate of the extreme fiber of the compressed zone

should be observed.
The stressstrain relationship for concrete (figure 1) is fairly accurately described by a rational
function or a polynomial of the 5th degree, which is harmonized accordimgs&arch data3[16].

Meanwhile, to clarify the parameters of these functions and check the conﬁ,i}i@n & , it is necessary
to establish the valu€. for different classes of concret€.g limits the part of the descending branch

of the ﬁsf,]- €. diagram used in the calculations, where the potential deformation energy increases

With an increase in the level of deformation above the beyond, destructurization and destficti
concrete occur.

Oc
f;m ______________________
2
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Figureli "Stress strairl' diagram of compressed concrete:
fcm and [ ., T average values, respectively, of the compressive strength of the concrete and the initial modulus of elasticity
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The relations for fractional rational function and the 5th degree polynomial are written respectively in
the form

ol fu=(kh-NIge(ke 2)F ¢ 1)
st =ahe, 'h e ha hat )

where f, i design value of concrete compressive strendth;l,05, /[, . T characteristic of the
elastieplastic properties of concret&, i design modulus of concrete elasticity; ; T secant module at
the top of the diagram (fig. 1= ¢/ ,@.1 level of strain;e;, . i strain at maximum stres§, @, Q,,

Q,, @ i polynomial coefficients.
It is proposedo determinethe calculatedvalueof the ultimatestrain €.,z usingthe extremeproperty
of deformationi the achievemenbf the maximumdeformationenergyof concretefrom theequation

St G arMax( S ) 3)

To obtain the polynomial coefficients, the characteristic points 1 and 2 are considered, as well as the
area of the diagram bounded by the deformatigp (figure 1). The results are given in table 1

Table 1i 5th degree polynomialoefficients

Coef Concretecompressiorlass

ficient | 415/l w16/| w20/| w25/ u30/| u32/| u35/| wu40/| uas5/| us501/
a 29777 | 2.8383 | 2.7013 | 25758 | 2.4873 | 2,3852 | 2302 | 2.2463 | 2.1595 | 2.0663
© | -3.4783| -3.1001 | -2.7361 | -2.3919 | -2.1608 | -1,8925 | -1.6834 | -1.5473 | -1.3431 | -1.1369
Q 21287 | 1.7705 | 1.4358 | 1.1021 | 0.8943 | 0,6499 | 0.4727 | 0.3632 | 0.2103 | 0.0752
@ | -0.7334| -0.5939 | -0.4685 | -0.3317 | -0.2554 | -0,1629 | -0.1032 | -0.0696 | -0.0292 | -0.0049
Q 0.1053 | 0.0852 | 0.0675 | 0.0457 | 0.0346 | 0,0203 | 0.0119 | 0.0074 | 0.0025 | 0.0003

Functions (1) and (2), the initial modulus of elasticjty, and the secant modules at the specified
points( ¢4 ¢, [ . determine the stress diagram in the compressed zone of the reinforced concrete

element under the condition that the strain achieves in the most compressed fiber tag, value
The ultimate value of a bending moment that a reinforoadrete element can perceive

I u= fyd SA(ld_C_X)W = fz_ md”/'_ ) (4)

in [4] it is recommended to determine from the condition

§,=maxe,), ()

where d 7 working section heightx =x/d i relative height of the compressed zone of concrete;

w T ratio of stress diagram completenessi characteristic that determines the distance from the point
of application of the resultant force in concrete to the compressed face of the elemen®)figure

—— 34 ——
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Figure21 The design scheme of the reinforced concrete element
in the normal sectiordistribution of forces, stresses and strains

The authors proposed formulas for engineering calculation, defining the above characteristics by
parameterk

h,= hJ1.81Kk, (6)
w=05 +0.24[k 4, @)
c=2/3 -012Zk 3 (8)

e s 2 _ n % 2 14
atk 2 h =t e[ -2K 30 o g KK Figik=2p 2413 (9
a-ag(F 2 ¢ 2

where/1, = @, J, €1 strainlevel af ,=max; 1, = & ./ & i ultimate strain level (tabl2).

Table 2i Ultimate strain level of concret/@R

Concretecompressiortiass
al2/ 416/ 1 w20/ 25/ 30/ 432/ 4 w35/ 640/ 45/ ¢50/
1.8093 1.7144 1.6269 1.5705 1.5264 1.4841 1.4495 1.4272 1.3934 1.358

The condition that the value of the current concsdtain &, does not exceed the valugy .
indicates that the concrete is working up to the boundary of its rdl@stoucturing and can be written as

he ¢ hy (10)

Estimation of the strength of reinforcedncrete elements on the support areas by the inclined section
using the method of truss analogy considers the shear form of failure of the compressed element (strut). In
this case, the calculated dependencies include a number of empirical coefficients.

For the theoretical justification of the implementation of the truss analogy, the problem of the
strength of an inclined prism loaded at the ends of the compressive and tangential components of the
transverse force is solved. The scheme of a-ptadtic baly is used. The prerequisites for applying the
theory of plasticity are represented irv{20]. The solution is based on the principle of virtual velocities,
whose functional in the absence of inertial and mass forces is

| = f{W,dS - fjv dS (12)
S
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where fi*'l' forces in the direction of velocitie¥;, given on the surface of the body; W, i power

density of plastic deformation of concrete.
The functional is investigated on a stationary state0.
The simplest one is a solution in discontinuous functions of velocities.

The plastic deformation is considered localized ihin layer on the failure surfae, which divides
the element into two absolutely rigid disks. The jumps of the tangdb¥gand normalDV, to the surface
S components of the movement veloclyof one disk relative to another are expressed through of the
angle of inclination of the failure surfagg¢ and the ratio of the velocitieen=\, / \in the direction of
the action of forcesT,and N,. The angle of the direction of velocity to the surfaceS is
y =arctgm -¢.
The variational method is used in the theory of plasticity. Paramé&erand o vary. The power

W, on the are§ is considered as a function of deformation velocities, which takes into account the

dilatancy of concrete.
The kinematic scheme of the failure of the strut is shown in figure 3.

Nu

Tu

Tu

Nu

Figure31 The kinematic scheme of the compressed element failure

The formula for estimating the strength of a reinforced concrete inclined element has the form

V, :\f4(1- c +Z‘)/3\/’(m tan § (& manjg (1- Mr tan:}:—gt—

1 Harf 12
f bl (tang+m)tan g 7 (12)

whereb and|_ i cross section dimensionk;=z/+/2, z=0.9d.
The results of the calculation with respect to the resistance of concrete to tension and compression
c=f,lfy 9.07 are given in table 3.

ctd

Table 3i Ultimate relative forces perceived by an inclined element

g, tang m tang ag,° N, / f bl T,/ f bl v,/ f b,
45 1 10.51 1.21 50.4 0.305 0.305 0.432
30 0.577 176 1.32 52.9 0.179 0.309 0.357
21.8 0.4 4054 1.33 53 0.124 0.309 0.333

Both characteristics of concrete strength are taken into account, in contrast to the dependence of the
method [5,6]. The need to take into account the tensile strength of cofigrésedue to the shear form of

failure. It is well known that shear strength depends bothf gnandf,, .
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Comparative analysis of the results of evaluating the strength of reinforced concrete elements in
inclined sections near the supports on the basis of adefirethod of a truss analogy with experimental
data indicates the convergence of theoretical and experimental values. The design scheme (figure 3) is
confirmed by the failure pattern observed in experiments. Plastic strains are localized on the cunsurface
thin layers, which is confirmed by systematic experimental studies [21].

If condition 1¢ cotg ¢1.€ is met failure occurs within the boundaries of the inclined compressed
brace. In the caseotg > 1.t there is a shear of the concrete of the compressed zone of the bending
element over a dangerous inclined crack, which is described by thkngelh disk model [9,22,23].

Conclusion. The stressstrain diagramis, - €, used in thecalculations on the descending branch
must be limited to the starting point of the madestructuring of concret&@he value of the ultimate
strain e, corresponds to the maximum potential deformation enérgyg, swmax( s g«

When evaluating the strength of reinforced concrete elements in normal sections, the condition of not
exceeding by the level of strain the most compressed fiber of concrete at the stage of failure of the level of
ultimate strain /7, ¢ /A, should be checkedVhenstrainexceeds the ultimate valué (> /), a fragile

avalanchdike failure occurs along the concrete of the compressed zone.

The strength problem of a compressed inclined element (strut) in the supporisasta component
of the truss analogy is solved by a variational method in the plasticity theory of concrete. As a criterion for
determining the ultimate force value perceived by the concrete strut under shear, the minimum of the
plastic strain capacitys used that is localized in a thin layer on the failsveface.When designing
reinforced concrete elements, it is recommended to take the inclination angle of the inclined element
corresponding to the most efficient use of the resistances of conadetbear reinforcement

For a more accurate mapping in the calculations of the behavior of constructive concrete and
reinforced concrete at the failure stage and improvement of the method of estimating their strength, the
future development of the deformaii model, the use of different methods with the specification of the
areas of their implementation and the application of extreme principles of mechanics of deformable solid
body are perspective.

{. 0. rboyjdldts 9 ogt]bdsy dde)dlde d y

tHted?2 stsdzHiOIss ¢ OlsT dzH OD' 1 tsdzlsOo O Y tsdzdlsj mdzef € OMr & 1 dzl
A HjMMO o3 d3dzj Cjlsls' € ynrter dz i ypdzj; Mpkdzjls OCOH 3

dsdzsifls' ¢ kZdde jtemdlsjlk', 1 OtOyHdds, mittce OI
s{1euvtuvsARC[ 3D rerrwiywg) Jrtwsovwiw 161¢fdur o
readtfoArRc1 30 Cseutrfofr3 Déuvrpvurtuwr o1 of ¢
{. 6. rboyjdlis Y sgte] b dd dfdteljj A o d
W oydtsdzOdz dz' 2 bkdede jteindlsjls ¢didails'O osfiiCdmive EftisifBldR) (dddd®; O  d o3,
YA HjMgEB®EZH OMiss j dzdzOW OCOH j B3V Mbsdlsj dzd Missa ©  Oten

Vdzdo jtefdlsils u jmwigtdm OlddOMs Oy H d dz

RL [fetam vl [sueuvl [pEARR
g vgfrevtuosvripwlader rfrrfrruvfr1¢

¢ dzdzts Is OpyaEw . p0dzdv Mfteslsdo dzj dzdv S tdhlstekzClsdo dasa ts
COudmised Ctedls HsMisdy d dadY (tedH]jd dsets Mmistsw dzd W
(Bsh dsfisd) HijWsthadess OddY My OscEs B jlstsdo.

Rul
rrc LA

I

C
yd da
d

t OMMdisOtcd o O8 IsMw  dzts oS5O Eat § dz detetdD ¢ HWAsdledatf Y 6 d B O d3F = 4 dzj o3,

ZOf oWy j dzdz' R L 5dzOF .

I BsMdztse Odes tsetcOded U dedj f tod d3j ddsQifdssy2yij mizd MaOudnds@ Usds dz1 O G

bietso daj 65 dzOYUOkO BOStsHjMisekCltedL Oydd, ylstr dfGdstg@ dzv | Is

s{dMmr 00] bRBOUHBEOEERE? Y EedSydi2 J ¢ O uhs dsjdisitcdosisal dy dpdsn




N E W Sof theAcademy of Sciences of the Republic of Kazakhstan

djddstse fsdddsk0 ©OMMkOsttds O kY R OLOSkjtedr j
koks h OW KOCHd BBz dOf ™ 3 jigzd Bl BOGHE O § & & fsdizts dz
hj Mfsmtsejd ssMitcedded BOjIs otsL cOMlsOs h 8 dzOG Gk
HjWsedkOoydj2. RMitsd LEs kMY &OUYOd dr 2 &BsHEd
OcORBLOY §jbcybPdd GE0jls &0 ddmMitHW jd& kYo
30 dzv B jItsdese tOL dzts? fetsydetsmisd .
O LOHOYO ftesydsimisd BOdZsydessets Yy jdzjLtsB jstsdadatsa ts
dj dLcdBOs h jets sk dsPBGdicdhREy dj iy d dgL  docisd @ d
SeROYdj2 bktsedw, M HefMsdyjddjd Csksttscs dOyddo] s
sekOydd dz0 ddmosHwh j2 ejlkod HJOCELO®RE kilsOdso dj dats
stcdB3dtetso Odzd W .
Qdfj HJj dz' 2OV HJ W stedzOydw M
fn

W q

9 J Isf
jtlcdOdz |
4 dz! dazts 2
ddzj HJ
dzts H
h g

4 dz

= 0= g S0
T8 007G
g8 F -
;q.._q > I 9. gy ss

I T T
rd h— TE=EQ—

Q—.

sftesoatsyHOjIsMw tjLSCdd Mmded ) j oz
JjtedOodzO. 1twdojH]jdO LOsdhddsihis: oj ddudds Y] Hjd dts2 |
v $ohEtEEEBEOCk et gd. 1 tsdfwddactsa dzOyl ©zj H | dz' dzts 2
BJIstsdzse tOL dz" = CdzOfrJfr]isa
tej Hjdzj 20 f tesydetsfyls: My Olstsets dzOC dzsdzdatsets 4 dzj d3f dzls © 9 fs
t OmMmdstsistej dets tcOL tekzh jdzdj HEljdB3 MejL O BsHJ ddtelkze n j2
5Y O3 dested3Odz! dets? My RO M j2 d COMOLJ dz' dats?2 fyd dzO R .
LEzdz IsOl fdzEyd dz dz0 hdse | 90ttdOydsddscects &GjIssHO o
| Zyd OO fteddz Ists zmmsqu flesydssimisd. RMyGsd LEjlshw d
s RBdAfPOs@MEA j H ] dzv s P d2 L Osadfmddsmisd dOftewy jdd?2 wsls MmEt
Y
j Is
b)

§ =

O odebkOd d & MS sl 2.
sdz ©OMMBOtdd @PHEY U OC sy j BEdas. rdlsj dzhde dzO™ Hj Wt
btsdeS s Mdztsj g@zd ' 5o J s GOF h GPL €z tffse j R detsfls
dBOs sfw OBMmtsds sdzts ¥ jMsCqddd. v SftejHjdjddY ojddu
¢o.

g SRS =a
8@ S0 o g-O0o

S v-a-g—Faos, =

L D

S ydsdzOdz di3j sSsHO o dtelslzOdz dzr » MEBtesMisj 2 dMmMmdzj Hizj Ishw
ZOBdzO Yo jterndesMmisd tOL k" jddw d MmMosldsh jddiy MEsttsiisj ?
97 t60O) jdz destedkOdz dg | d COMOIjdzt dgr j] ¢ Yo jtendesmisd MiejL O
00dz BBgded Bz 3 B desmlsd  zOMIsdyj MEts2 HJjWstediOYdd.

1 toj H Az H IsBO) tdsH j dzdzOw 1 C MY jted d&3j dels Odz! dz" di3d dMmMmdzi Hs9 Odad W «
MY Olstsets Bjlstsdzdztsets + dzj 3 dz2ls© d L Qeadfmddsis: Hdzw tyj dz¢d 4
ttOL d" » ko dzOR dOCdsdzO ftedL di¥ ¢ fosHtsd Gsdd shils s iy idds @
Odz0Odzts & d d .

ltodictfj CIsdtetso Odedd Y Jj dzjL tsBjIstsdzdz n { dzj d3j delstse  toj S tsd3d deH Iz § I
Mtslse jlsMisolzé h 2 dzOdBSdzj j ‘WW jChkdodsdBz dMisd Lo Odds Mt

VLEOLOdes dz0 dzj sBrtsHJ di3sMmis! d fitemifjSisdoe dzsfyls: HOdz! dzj
d My sdz LdsolDigasforj " j das o t5g P o O digf s T5Y 616 etz e j 5 5B OMIj 2
d fteddjdededj +SCMbtej BOdz dz' = feddydyfes HjdrGd Yy d sisa s tsc
sBtsdetso Odzdzts e s BlstsBteOy jdedWY o teOfyjlsOr o jHjddw € tsdafnl
ttOL telzh j dagd W .

sdzé Yyd o' jBindasdz, JfMswj BOBde df | Mots2Msa ® HIjWBSEEdRBOYydd,
MejL, Wjttdj dzdzOY OdzOdzsa dW .

Information about authors:

Dovzhenko Ok s anRofegsorefihe ®epdriment af Beinforced Concrete and Stone Structures
and Resistance of Materiald,at i onal Yun KondratyskiPdltavaPfo | y t e Cahdidate @ Technical
Sciences, Associate Profesd@oltava, Ukraingo.o.dovzhenko@gmail.com; https://orcid.org/0@ID222662588

Pohribnyi Volodymyr VolodymyrovychAssociate Professor of the Department of Reinforced Concrete and
Stone Structures and Resistance of Materidla,t i o n a | YumKormdeatyukPottayaPdlytechni¢ Candidate
of Technical Sciences, Senior ResearcRettava, Ukraingv.v.pogrebnoyl98@gmail.com https://orcid.orgd000
000175312912

Klymenko Yevgenii Volodymyrovychhead of the Department of Reinforced Concrete Structures and
Transport Facilities of the Odessa State Academy of Civil Engineering and Architecture, Doctor of Technical
Sciences, Professdddessa, Ukrain&limenkoew57@gmail.cophttps://orcid.org/000@002-45028504

Mat i j a |QOAsesogideo Rrofessor, University North, PhBssociate Professory a r a,gCtdatia
moreskovic@unin.https://orcid.orgd00030001-56840496



https://orcid.org/0000-0001-5684-0496

ISSN 22245278 Series ofGeology andlechnicalSciences3. 2020

REFERENCES

[1]Kami Es ki K., Wydra M. (2015) Calculation of Reinforced
Included in EC2, Applied Mechanics and Materials,: 8895 (in Eng.).

[2] Karpenko N., Sokolov B., Radaykin O. (2018dustrial and Civil Costruction[Promyshlennoye i grazhdanskoye
stroitelstvo] 1 28-30(in Russ.).

[3] Bambura A.N., Gurkovsky A.B. (2003) Building structufsidivel ni konstrukciyi]59: 121-130(in Russ.).

[4] Pavlikov A.M., Boiko O.V. (2012) Calculation of the strength of the normal cross sections of the beam elements by a
nonlinear deformation model [Rozraxunok micznosti normal nyx pereriziv balkovy x elementiv za nelinijnoyu deformacijnoyu
modellyu]. Poltaa. Ukraine (in Ukr.).

[5] EN 19921-1. Eurocode 2: Design of concrete structure®art 1: General rules and rules for building=uropean
Committee for Standardisatipp004(in Eng.).

[6] SBC V.2.698:2009. Concrete and reinforced concrete structures. Basic design principles [DBI987/2D@9. Betonni
ta zalizobetonni konstrukciyDsnovni polozhennya proektuvannyal. Kiev, Ukraine, 201 Ukr.).

[7] Bezgodo\E., Shvedow. (2019) Comparison of complete stresgain curves of concrete using test prisms and test
cylinders,E3S Web of Conference87. DOI: 10.1051/e3sconf/201997020(@8 Eng.).

[8] Braz D.H, Barros R., Da Silva Filho JN. (2019) Comparative analysis among standards of the area calculation of
transversal reinforcement on reinforced concrete beams of high resistance subjected by shdRevioiBRACON Estrut.
Mater.,12,1. DOI: 10.1590/s19831952@.900010001%in Eng.).

[9] Snezhkina O.V(2019)Engineering method for assessing the strength of reinforced concrete, B@&rSonf. Ser.:

Mater. Sci. EngDOI: 10.1088/175899X/537/2/02205@in Eng.).

[10] Wei W., Gong J(2011) Shear strength prediction of reinforced concrete flexural members with stirrups based on
modified compression field thegryournal of Building32: 135141.(in Eng.).

[11Gr andi i D., GIi ul a.c(201B) ShearGresistanaecrdinfdrcesl codciefe beams in dependence on
concrete strength iompressive struté Tehnicki Vjesnik22 (4): 925934.DOI: 10.17559/TV20140708125658n Eng.).

[12] Latha M.S., Revanasiddappa M., Naveen Kumar .B2018) Influence of stirrup spacing on sheagsistance and
deformation of reinforced concrete bean¥ International Journal of Engineering & Technology 7 (1): 126134,

DOI: 10.14419/ijet.v7i1.9018n Eng.).

[13] Iskakbayev A.l., Teltayev B.B., C. Oliviero Rossi, Estayev K. (2018) A new simple damage accumulation model for
predicting of an asphalt concrete cyclic strengtNeivs of national academy of sciences of Republic of Kazakhstan. Series of
geology and techeoal science5 (431): 38-47. DOI: 10.32014/2018.251B70X.8(in Eng.).

[14] Solonenko V.G., Makhmetova N.M., Musayev J.S., Bekzhanova S.E., Kvashnin M.Ya. (2019) Stresses in elements of
metal railway bridges under the action of the crelNeivs of national academy of sciences of Republic of Kazakhstan. Series of
geology and technical scienc(434): 159165 DOI: 10.32014/2019.251870X.50(in Eng.).

[15] Geniyev G.A., Kissyuk V.N., Tyupin G.A. (1974) Concrete and reinforced concretéciyasheory [Teoriya
plastichnosti betona i zhelezobetona]. M., Russia (in Russ.).

[16] Pavlikov A.M., Yurko PA. (2010)Academic journal. Series: Industrial Machine Building, Civil Engineefigrnyk
naukovykh prats. Seriia: Haluzeve mashynobuduvannia, budivny&(23)): 2326 (in Ukr.).

[17] BraestrupMikael W. (2019)Concrete plasticity a historical perspective. Proceedings offtheSymposium Concrete

Il nnovations in Materials, De48(ingem.),and Structures, Krakov,

[18] Mitrofanov V.P. (2006) The theory of perfect plasticity as the elementary mechanic ydasiio ultimate state of
concrete: bases, imitations, practiaapectsProceedingsf the 2nd fib Congresdlaples, ltaly. P.-B (in Eng.).

[19] Dovzhenko O., Pogrebnyi V., Yurko I. (2018) Shear Failure FRealization in concreté News of national academy
of sciences of Republic of Kazakhstan. Series of geology and technical sZi@83,212-219.(in Eng.).

[20] Pohribnyi V., Dovzhenko O., Karabash L., Usenko I. (2017) The design of concrete elements strength under local
compression based on the variational method in the plasticity theoryweb of Conferences 116.

DOI: 10.1051/matecconf/2017116020@6 Eng.).

[21] DovzhenkoO., PogrebnyiV., Yurko I., Shostakl. (2017) The bearingcapacity experimentaldeterminationof the
keyedjoints modelsin the transportconstructionWebof conferences116.DOI: 10.1051/matecconf/201711602001 Eng.).

[22] G ¢, r a Y200A Shear strength of reinforced concrete beams stitrups, Materials And Structures, 41:(113122.

DOI: 10.1617$11527007-92233 (in Eng).

[23] Yafei Ma Baoyong Ly Zhongzhao GuolLei Wang Hailong ChenandJianren Zhang2019) Limit equilibrium
metlod-based shear strength prediction for corroded reinforced concrete beam with inclinebldiarigls (Basel)12 (7).

DOI: 10.3390/ma1207101@n Eng).

(


https://doi.org/10.1051/e3sconf/20199702013
https://doi.org/10.1051/matecconf/20171160201
https://doi.org/10.1051/matecconf/20171160201
http://dx.doi.org/10.1617/s11527-007-9223-3
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ma%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=30934745
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lu%20B%5BAuthor%5D&cauthor=true&cauthor_uid=30934745
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guo%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=30934745
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20L%5BAuthor%5D&cauthor=true&cauthor_uid=30934745
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20H%5BAuthor%5D&cauthor=true&cauthor_uid=30934745
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20J%5BAuthor%5D&cauthor=true&cauthor_uid=30934745
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6480138/
https://dx.doi.org/10.3390%2Fma12071014

N E W Sof theAcademy of Sciences of the Republic of Kazakhstan

NEWS
OF THENATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES OFGEOLOGY AND TECHNICA L SCIENCES
ISSN 22245278
Volume 3, Number 441 (2020407 47 https://doi.org/10.32014/2020.251870X.52

UDC 622.236.32

®. Z. B'UWK\A pPowetkar, B. Zh. Bektibay?,
Ye.K.Nurymov® D.s. Yer’mekoyv

YYessenov University, Aktau, Kazakhstan
’Al-FarabiKazakh NationaUniversity, Almaty, Kazakhstan.
E-mail: amina_bukaeva@mail.yuv1940_povetkin@mail.ru

bektibaybirzhan@mail.rerlik_1982@mail.rudaulet_yermekov@mail.ru

INTENSIFICATION OF COMBUSTION FUEL MIXTURE
IN PETROLAIR THERMAL TOOLS WITH EJECTOR NOZZLE

Abstract. The article considers the problem of increasing the power of thpe@ol thermal tools for
destruction of rocks in the extraction and processing (stabilizing) block of stone, due to the intensification of
combustion of the fuel mixture in a supersonighitemperature jet torch burner. The model of shock wave
excitation process in ejector nozzle, described by the equations of preservation of mechanics of continuous
environments is given. As a result, the solution to this equation found the main opanatidgsign parameters of
the ejector nozzle, the parameters of the supersonic gas stream flowing from the Laval's nozzle of the burner into the
cavity of the ejection nozzle, and the speed and temperature of the gas stream in the mixing chamber fi¢pthbustio
area of the output section and the diameter of the ejection of the mixing chamber, diameter and length of the free jet.

Key words: petrotair thermal tool, supersonic highmperature jet, heat flow, fuel components (gasoline,
kerosene, air), detation waves

The intensification of combustion fuel mixture at the-mgtrol thermal toolswith ejector nozzle,
made with perforations in the region of the initial section of the jet considered in the assumption of the
creation on this site of powerful shock waves. Shock waves are formed when meeting with obstacle in a
cylindrical nozzle (surfee roughness ejected cold air) at the end of the supersonic gas jet from the nozzle
of the main burnefl,2].

The supersonic jet carries particles of unburned fuel when the excess air ratio is equal to
U, = 0.5...0.7, which, passirtgrough the shock wave front, are burnt with high speed, forming a new high
speed jet, thus greatly increasing the total energy capacity of the [&j/Bt.

The conversion of chemical energy into heat and, simultaneously, to kinetic takes place in a
cylindrical nozzle, which in this case is the combustion chamber. In the combustiombarais
heterogeneous combustion (part of the components is in the liquid phase and the other in the gas phase),
thatis there are chemical and agh®rmodynamic processén a moving reactive gas environment. In this
case, the object of study of combustion may serve as the gas flow behind a strong shock wave. A peculiar
form of burning in this case is detonation, which is characterized by extremely high velocities of
comhustion and a large local increase in pressure and temperature.

Model of the process of development of the detonation wave (shock wave) is described in domestic
and foreign literature [@2].

Let us consider the properties of planar shock fronts, whisfidisly used in onglimensional models
of the detonation wave. Common to all edimmensional models are the representation of the detonation
wave in the form of a complex consisting of the shock front and the adjacent reaction zone. Therefore,
before proceding to analyze the situation that occurs when supply chemical energy to the flow behind the
shock front, we consider the laws that determine the properties of stationary shock waves in nonreactive
environment.
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Let us consider a planar shock front propemgpaiat a steady velocityV,. Pressure, density and
velocity of the gas are denoted by p and u respectively. It is possible to simplify the analysis by
transforming to a coordinate system with an origin fixed at the shock front to replace a laboaaterpffr
reference. The resulting flows are shown in figure 1.

¢ 7 = w=v, | % lu, -+
S L B v MO 3
[ N
4 X )\ J
/ 2l

Figure 1i Model of shock wave excitation processthe ejector nozzle
17 combustion chambgRi Laval's nozzle; 3 ejectornozzle

Here the gas flows into the stationary shock front with a veldtitgnd emerges from the front with
a velocityu, = WsT U',, whereu'; is the velocity of the gas relative to a stationary observer. Although the
processes which occur in the vicinity of the shock front are irreversible, the three mechanical conservation
conditions apply rigorously to the flows through the control surfaces.

In integral form they may be expressed as [6,11]

riWs= r, ux(conservation of maks Q)
Pt 7 W2 = pot 7, U% (conservation of momentum); (2)
rWs (h+W>2/2) = ru, (h+ u?/2) (conservation of energy), (3)

whereh=j+pV i is the specific enthalpy, i is the internal energy and=1/r i is the specific volume.
Furthermore, for the strengths of shocks typical of detonation, the ideal equation of state for a gas can
generally be assumed to hold [8]:

p =rRT, 4)

whereR - is the gas constant,i temperature.

Equations (1) (4) have five unknown quantitie®y, W, /2, [, T», SO that all the properties of the
postshock flow in region 2 can be expressed in terms of the velocity of the front and the initial conditions
of the gas.

Equations (1) and (2) give an expression for the mass flow through the shock, p, thus:

(st1)2 = (uz f2)2 = (P21 p1) / (Va1 V). %)

Equation (5) demonstrates that the mass flow into the shock is given by the square root of the
negative slope of the straight line in the& plane which joins initia{1) and final (2) states. This line is
termed the Rayleigh line. Equations (1(3) can be combined to produce [9]

hai hy = (1/2)(p2T po)(Vi + V2)
or
&1 e = (1/2)(p2+ p) (V1T Vo). (6)

Equation (6) islenoted the Rankirdugoniot.

It characterizes the initial and final states resulting from a given change in energy or enthalpy across
the shock front. In other words, it is the counterpart of the relationship for isentropic and adiabatic
processes [9]:

de= i pdVorpV = const (7)
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Equations (1) (4) can be combined to yield pressure, density and temperature ratios across the front
in terms of its Mach numbeM;s = Wya;, wherea; is the speed ofound in the medium ahead of the
shock:

P2/ P1= Par= [2kMSA (ki 1)]/ (k+1); (8)

ral ri=ro= (k+1) M2 1 [(k 7 1) MZ+2]; 9)
—— kM2 - (k- )r2J1+ (k- )m2 /2]

21Ty =Ty lk+m?2 /2| ! 10)

C
wherek =2 i is adiabatic index.
C/7
If the equation of species conservation {1{10) to write given the fact that in sections 1 and 2
thermodynamic parameters, structure and molecular weigheahixture, the equation of the detonation

adiabatic instead of 10 will look [10]

k, +1 k, +1
h p,V, - h PV - PV, + PV, =2Q,
2 1 (11)
Finally, from the equation of state for section 2 will receive
p2V2 (12)

’ ) Cv2(k- 1)

To increase the power of the jet gas stream carrying unburned fuel, it is necessary to introduce a jet of
oxidizer is oxygen, so the ejector nozzle performed ejection bores.

The nozzle, formed by drilling ejection to ejection of the outer atmospheric air inside the nozzle
promotes additional combustion of fuel components in the stream of ogjaptionair. Nozzle and diffuser
of the ejector are no different from ordinary mles and diffusers, the calculation of which is se{@®ut

In determining the parameters of the ejector only significant coefficients of maintaining total gas
pressure in these devices, the initial pressure of mixed gas, find the total pressureutmdzzlesp;’
andp, and the full pressure of the mixture t@f - total pressure at the exit of the diffudar. These
coefficients are chosen according to the experimental data.

The main objective in the calculation of the ejector is to determinpatsmeters of the gas mixture
at the outlet of the mixing chamber in the parameters of the gases before mixing.

Parametersjectiongas in the inlet section will be noted by index 1, the parameters ejection gas index
2, the parameters of the mixture in thalet section index 3. We assume given all the parameters of the
flow in the inlet section of the chamber and build the solution so that from the equations of conservation
of mass, energy and momentum flux to determine the temperature of brakingldahigyvand total
pressure of gas mixture in the outlet section of the chamber [8].

From the solution of the equations by the method [7,14] we obtain

Jn+1a+ng+n)2/,)=21,)+nJgz/,). (13)

This equation is called theain equation of the ejectioAccording to the initial parameters of gases

and ejection coefficient, it is possible to determine thedyasimic functionz(/s) =/, +/i, and given
3
the speed of the mixtues.

Knowing the parameters of the ejected and the ejected gases before mixing, we find a dimensionless
value of n- ejection coefficient. This value can be expressed through the parameters of the flow in the
inlet secton of the chamber and is thus independent. Substituting into the expression for the coefficient of
ejection of the magnitude of costs miscible gases, recorded with the help of relations (13), we obtain
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n= - N il (14)
G Py qu(/l)\/f
or
1 Q(/z) (15)

n=1 oa\/z] Q(/l).

Equation (15) relates the coefficient of ejectiogpeometric parameter of the ejectband parameters
of the gases at the entrance to the chamber.

Further, it is necessary to experimentally find the temperature of the heat flow inside the nozzle, or
the temperature of the inner wall of tegectornozzle. To determine the temperature of tieat flow
inside the nozzle must perform the inverse problem of heat conduction through a cylindrical wall that is
slightly different for the determination of temperature at one and the same wall thickness of the cylindrical
or flat[13].

To improve theenergy parameters of gad thermal tool proposes a new design of the working body
with ejector nozzle and diffuséra special nozzle for injecting atmospheric air).

Figure 1 presents a thermodynamic working body with ejector nozzle.

Relationships for daulation of achievable parameters and the optimum relationship of the cross
sections of the gagt injectors (nozzles) can be derived based on the equations of the characteristics of
these devices [14].

The result of the calculations obtained the mairapeeters of the ejection nozzle, when the ejection
ratiou=4,t+=0,5[ 1 & 506625 h/irfy w = 1285m/sys = 2020s (table).

Estimated data regime and design parameters of thermal tools with a nozzle at the cost of fuel components 17, 25, 35 I/hour

Regine and design parameters 17 I/houp air 6 _25 I/hour, _35 I/hour,_
d/din air 9d3/din air 12d3/din

The estimated performance of the injedBgrkg/sec 0,4368 0,684 0,9428
Expense of a working strea@y, kg/sec 0,1092 0,171 0,2357
Expense of the injected stredgp, kg/sec 0,3276 0,513 0,7071
The critical section of the working nozzlg, mm 20 22 26
:ogzlleedl,em):nl t section of the 24 30 36
Length of the free jdt;, mm 2625 32824 3938
Diameter of the free jat,, mm 1488 186 2232

Figure 2 shows the schedule of change of a stream range of the thermal tool with ejector nozzle
depending ofpnsumptiorcharacteristics of fuel components.

-~
o
(=]

400

Length of the free jet, /,,

250

200

10 15 20 25 30 35 40
Consumption of fuel components, //hour
=—Pgnl -E-Pan2

Figure 2i The schedule of change of a stream range of the thermal tool with ejector nozzle depending
onfrpnsumption characteristics of fuel componeftstheoretical, 2 experimental data
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Thus, the main parameters achievable compression pressure and the pressure in the inlet section of
the mixing chamber and the main geometric dimensions of thgegagector with diffuseri special
nozzlefor air injection.

We consider the case when ttiansfer of heat through a homogeneous and isotropic wall to one
surface of thespecified boundary conditions of the second kind in the fggm const(at x = 0); on
another surface is set to the hzansfer coefficient)h, and the ambient temperatuge, i.e. boundary
conditions of the third kind (figure 3). Internal sources in the wall are misgijF®y.

0

Figure 3i The transfer of heat through a flat wall (mixed boundary conditions)

This problem is reduced to finding the temperatiistribution in the wall and the temperatures on its
surface. Because of the stationarity of the thermal regime we can write the following equation:

/ _
qc = (tcl - tcz);,; QC - aZ(tCZ - t>1 2)‘ (16)
From equations (16) it follows that for a given valu@pf
1 al do
tc2:t>|2+qc_; tc1:t>12+qc +_8 (17)
2 c42 /=
We find from the formula (17) the temperature inside the ejection nozzle:
/ It -/t
=t,-t, )—; g =—%L < _ ] _ )
G (Cl CZ)O’ 9 d /tcl - /tCZ - ch’ /tcl - ch+/t02'
ch+ /tcz
ty = 7

where isa1 the heat transfer coefficient for metal,= 35 W/ng; 0 1 the thickness of the nozzle,
t=5mm = 0,005 mg,i the heat flowt.,T temperaturet, = 1473s.

In accordance with figure 4 estimates the temperature of the metal by its colour temperature of the
nozzleusg= 1100...1208C ( 1 3 7 3K 4and §iven the increase in temperaturéhef working gas flow
due to heat of combustion of unburned fuel, but with high temperature’@0@d loss on heating of the
metal nozzle, take the temperature of the mixed gas stigar8000C.
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Q) b)

Figure 4i The comparative analysis of heating temperature of a surface
a thermal tool nozzle according to metal temperature on its color [15]:
Oi process of the surface treatment of thermal tool with gasdynamic nozzle;
b1 estimation of metal temperaginozzle on its color

Determine the temperature in the nozzlevhen various consumable fuel componentl(#¥ 25L/h,
35L/h). Get the temperature in the zone of intense combustion in the hezz[EB854 .

Conclusions:

1. The model of shock wawexcitation process in galynamic nozzle is developed;

2. The gas flow flowing in the gadynamic nozzle is strictly subject to the three equations of solid
media mechanics conservation: the equations of mass conservation, motion quantity and energy
conservabn;

3. The main ejection equation has been found, which allows to determine the main kinematic and
structural parameters of the ejection nozzles, which allows to significantly increase the energy parameters
of the thermal flow of a gasolirar thermal tool;

4. To find the thermal parameters of gas treacle inside the nezgkes mixing chamber, an
experimental method of determining the temperature of the outer surface of the nozzle from the table of
metal beads colors was used;

5. To find the parameters of the theal flow of gas in the nozzle, the inverse problem of heat
conductivity for calculating the temperature of the inner surface of the nozzle for a flat wall has been
solved;

6. As a result of calculation of a new design of a thermal tool witkdgaamic, ejetion nozzles, its
main kinematic and structural parameters were obtained.
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