XbllY ®U3UKACDI XOHE TEOPUANDIK XblJTY TEXHUKACDI
TEMNNMO®PU3UKA U TEOPETUHECKAA TEMNNOTEXHUKA

UDC 621.7

M.Stoyev', K. Kussaiynov?, K.M.Turdybekov?, N.N.Shuyushbayeva®, Zh.A.Kuzhukhanova®

!South West University of «Neofit Rilskii», Blagoevgrad, Bulgary;
’Ye.A.Buketov Karaganda State University (E-mail: exciton@list.ru)

Electro technology of heat exchange drilling in rocky soil

The aim of the study is to develop scientific and practical principles of implementation ofienergy saving heat
pump technology for heat and cold supply to residential, public and industrial premis€sgon the basis of alter-
native and renewable sources of energy. One of the effective methods to generatgyheat from groundwater by
means of heat pump technology is the use of wells for consolidation of heat exchange elements produced by
drilling. Fundamentally new innovative method of making wells"is eleetro-hydraulic drilling. When electro-
hydraulic drilling electrical energy directly in the bottomhole tramsformsiinto mechanical energy of shock
waves that can break up rocks. This paper describes the results,of studies of the impact of electro-hydraulic
pulse on hard and superhard rock minerals.
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One of the energy efficient method is the generation of thermal energy using heat pump technology
which makes it possible by saving energy to use: groundheat, ground water, water reservoir, natural kill and
etc. [1]. Environmental benefits from the useief this technology is that it completely avoids the local green-
house gas emissions from fuel combustién, Therefére, the replacement of old boilers which use gas or liquid
fuel for the systems in the basis of which thege is heat pump considered to be a priority and urgent task. The
solution of which will not only reduceithe consumption of fossil fuels but also greatly reduce the emissions
of carbon dioxide.

Heat pump is space-saying, etficient and environmentally friendly heating system, allowing to get heat
for hot water supply and heating houses through the use of low grade heat source by carrying it to heat-
transfer with higher temiperatures

The benefits of heat pump include efficiency: it takes only 5 kWh per hour of electricity for equipment
to transfer 1 kWh'ofi,thetmal energy to the heating system. When using heat pump the fuel efficiency is in-
creasing as thef€onversion of thermal energy to electricity in large power plants occurs with an efficiency of
up to 50 %sAnother advantage of heat pump is the ability to switch from heating mode in winter to condi-
tioning modedin gummer, just instead of radiators the fan coil units or the system of «cool ceiling» are con-
nécted to external collector.

The main heat exchanger element of low grade heat soil collection system is vertical ground heat ex-
chafiger of coaxial type which is located outside along the perimeter of the building. These heat exchangers
are Mstalled in wells to a depth from 32 to 35 m each arranged near structure.

Nowadays there are a lot of types of drilling equipment which are widely used on the territory of Ka-
zakhstan [2, 3]. However, the process of drilling itself is quite difficult and labor consuming on the territory
of Central Kazakhstan in particular when using small drilling equipment because of the complex geology of soil.

At a depth of 10 meters in the soil there are sand and loam, on up to 40—50 meters there are clay, the
remains of rocks, residual soil, at a depth of 80—100 meters, on the level of water horizon, you can meet con-
glomerate, sandstone, siltstone with parting lignite. In many areas rocky slabs occur quite close to the surface.
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Widely used today mechanical screw drilling technology is more effective in soft ground in the absence
of hard rock and rocky slabs. Drilling to a depth of 35-50 meters with a diameter wells up to half a meter can
be difficult if the above obstructions.

Electro-hydraulic drilling is a fundamentally new way of drilling and still has not yet found industrial
application, the research task and practical intrusion of this technology to date remains relevant.

Unique advantages of this new technology include the followings:

— opportunity to carry out work in a limited spatial capacity (constructed buildings, covered accommo-
dation, basement and etc.) which is almost impossible with conventional drilling methods because of
unhandiness equipment;

— longstanding reliable operation due to the absence of friction and wearing part of equipment;

— ease of operation and maintenance, achieved by using as an active part the accessible gable-cleetrode
which is considered to be consumable part;

— low energy consumption and environmentally friendliness of the work.

This technology compared to the conventional can destroy constraints as hard rocks, mote, effectively
and in the short time during drilling heat exchangers influenced by shock waves in the high voltage’discharge
within a fluid.

Electro-hydraulic effect represents high voltage discharge within a fluid. /When, the formation of an
electrical discharge in a liquid the energy release occurs within a relatively short period of time. Powerful
high voltage electric pulse with sharp rise-up portion causes a varietygof physicaliphénomena. Such as the
occurrence of super high hydraulic pulse pressure, electromagnetic radiation ih‘@wide frequency range under
certain conditions up to x-ray, cavitation phenomena [4, 5]. Electrohydropulse phenomena as the physical
basis of various electro technology is well studied [6-9].

For generating short rise-up portion voltage pulse applied to discharge gap in a fluid the gas discharge
gap — gas discharge was used, and as for certain energy pulse the €lectric storage capacitor was exploited.
We have developed and practically implemented electro-hydraulic fstallation and operating cell for drilling

(Fig. 1).

1 — electro-hydraulicdnstallationyg? — coaxial cable- Figure 2. Appearance of electro-hydraulic drill
electrode; 3 — centnal electrode; 4 and 5 — channels
supplying cleaning fluid; 6= hole in a crown drill
for gas outlet; 7= crown jag; § — crown drill

Figure 1. The,scheme of electro-hydraulic drill

Lhelinstallation consists of electro-hydraulic installation (power supply, high-voltage generator, im-
pulse capaciterf discharge) (1), coaxial cable-electrode (2), and electro-hydraulic drill with central electrode
1 itsfeconstruction (3), (4) and (5) channels supplying cleaning fluid, (6) — hole in a crown drill for gas out-
let; (/) — crown jag, (8) — crown drill.

Appearance of electro-hydraulic drill is shown on the picture (Fig. 2).

Installation operates as follows. Impulse capacitor (3) is charged by a high-voltage generator (2), pow-
ered from the adjustable source of current (1). When the specified voltage a discharge (4) breakdown occurs
and all the energy stored in the capacitor is transmitted to the working gap of electro-hydraulic drill through
a cable-electrode. The impulse electrical discharge in a fluid occurs which is the source of powerful mechan-
ical shock waves, reflected from the crown drill it affects the treated rock, thus breaking it into small pieces.

As a result of an experimental study the optimal values of time and the amount of electric sparks when
electro-hydraulic drilling of rocks were determined, also the time at which stones and hard rocks were
crushed during the drilling.
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The objects of electrohydropulse treatment were solid rocks in the form of natural stones. Natural
stones are very diverse in its structure material, often built of various minerals, frequently in the process of
formation and subsequent occurrence in the earth's crust are subjected to considerable stress [10]. In the ex-
periment natural stones whose hardness was 5—6 units by Mohs' scale were used.

Photos of samples of processed natural stones are shown in picture (Fig. 3).
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Figure 3. Pictures of natural stone samples

As a result of the intensive electrohydropulse processing of natural stones the @ samples had
been broken into small pieces (Fig. 4).
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Figure 4. The photos of natural stone samples a

ctrohydropulse processing

During experiment electrical values of installati n changed within the following limits:
Uhigh =20+35kV

Ceqp = 1 mf.
Liisen =T+ 12 mm
Lyork =25+ 35 mm.

The energy of the discharge in t ing gap varied £ =250 +~ 620 ]

In experiment the treated natur nes had an average thickness from 42 mm to 80 mm.

The experiments were con ollows. The electro-hydraulic drill was installed on the surface of
the stone put in a tank wit e number of discharge to the fracture process was determined after
switching the equipment.
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Figure 5. Graphs of the dependence of the fracture process of given thickness
on the quality of electro-hydraulic pulses

It is shown that when the discharge energy is about 288 Joules (E3) the stone with thickness of 55—60
mm can be destroyed. The amount of impulses is 230. When discharge energy is growing (E2) the thickness
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of destroyed stones increases, at the same time the amount of impulses necessary to destroy decreases. For
instance, when discharge energy is about 612 J (E1) it is possible to destroy the stone with thickness of 80
mm. This requires less amount of impulses about 170.

Based on experimental studies the limits of electrical parameter method were established at which solid
rocks — natural stones began to break.

The qualitative dependence were determined, characterizing the beginning of fracture process of rocks
of different thickness depending on the number and energy discharges.

Experimental work demonstrated the possibility of achieving higher speed of drilling than on thg com-
monly used equipment. Electropulse destruction is explosive, it does not require special pressure ofielec-
trodes to the bottom with considerable force and therefore deterioration of electrodes is relativelgsmall dur-
ing electrohydropulse drilling.
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Tae€Thl :Kepaeri :KbL1y aJIMACy YHFbLIAP/bI
OYPFBLIAYIbIH 3J1€KTPOTEXHOJI0THSCHI

MaxanafMaKCaEbIHA JOCTYPJI €MEC JKOHE JKaHAPTBHUIFAH SHEPreTHKA KO3/EPiH Mai/laaHbll, KOFaMIBIK KOHE
OHIPICIOPBIHIAPBIH, TYPFBIH YHIEpl JKbUTY JKOHE CYBITYMEH KaMTaMachl3 €TyIe SHEePrHs YHEMJETINI JKbITy
COPFBEIAPBPIECXHOJIOTHSICHIH SHIIPY/AIH FAUIBIMHU-TIPAKTHKAJIBIK HETi3AepiH jKacay xkataasl. JKbuty coprbLiapbl
TeXHOTOFMACH HETi3iH/Ae JKep KOiHayblHaH aJbIHATBIH JKbULY MEH JKep acThbl CyJapblH NalJalaHylarbl €H
THIMII JomicTepiin Oipi Oypreulay apKbUIBI OKBUIyJIIMACTBIPFBIINI JJIEMEHTTEPIH OEKiTyre apHanraH
YHFBIMAJIap/bl KOJIIaHy O0JIbI Tabbutaabl. ¥ HFBIMAIap/Is XKacayia SIEeKTPOTHAPAaBINKAIIBIK OYpFEIIAy omici
KaHa MHHOBALIMAUIBIK oic Jen ecenteyre Oonaipl. by Kesle 3JIeKTp 3HEPTUACHl OYPFBUIANTBIH JKeplie
TiKeNed COKKbl TOJKBIHAAPBIHBIH MEXAaHMKAIbIK SHEPrusfa aifHajblll, Tay JKbIHBICTApPbIH Oy3yFa
Kabinerrinirinae Oonbim oThIp. KarTel koHEe oTe KaTThl Tay MUHEpaIAapblHa JIEKTPOTUAPOMMITYIIBCTIK
ocepiH Kanai G0NaTBIHABIFBI Typasbl 3epTTEy HOTHKENIEpl KeNTipiire .
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