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Annotation. The paper presents the results of mining and experimental work, bench tests and theoretical studies of
the energy characteristics of the stationary and pulsating fluid flow, which allow to estimate the efficiency of the
cavitation generator in the hydro impulsive loosening of an outburst-prone coal-bed. The generator is the Venturi tube of
special geometry in the flow part of which high-frequency self-oscillations of fluid pressure occur. The advantage of this
device is the absence of additional energy sources and moving mechanical parts. Generator is installed in the filtrational
part of the well. That's why all energy of cavitational self-oscillations is spent to hydro impulsive loosening of a coal-bed.
The active stage of the hydro impulsive loosening and the effective range of the amplitude-frequency (AF) spectrum of
the generator operation acoustic signal have been established by the AF spectrum of the sound accompaniment of the
hydro impulse impact and the backup pressure of the liquid in the well. The active stage of hydro impulsive loosening of
the bed occurs within 6-7 minutes at the backup pressure of the liquid in the well from 1.2 MPa to 7.5 MPa. The
frequency response of the generator in this range is from 1.5 kHz to 6.3 kHz. The range of the AF sound spectrum is
from 1.4 kHz to 2.8 kHz. Maximum values of the energy level - f=2.0 kHz that corresponds to the frequency of 1.6-2.4
kHz. By calculation for this range the energy characteristics of the static and dynamic components of the pulsating fluid
flow were determined. This made it possible to determine that the efficiency of the cavitation generator, all other
conditions of the coal-bed hydro loosening being equal, is 4.8-1.2 times higher than the efficiency of the static impact.
That leads to a decrease of energy consumption by about 50%. The proposed method for evaluating the effectiveness of
the device for hydro-impulsive action on a coal bed is of practical importance. It allows to evaluate the effectiveness of
the operation of cavitation generators in the technological process of hydro impulsive action without additional
experimental studies.
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Introduction. It is known that the imposition of dynamic loads on the block-
seamed structure of a coal-bed increases the speed and quality of its hydro loosening.
In the Institute of Geotechnical Mechanics of the NAS of Ukraine it was developed
promising device for hydro impulsive impact on the coal-bed [1]. The device is
created based on the standard sealer of the well "Taurus".

The generator of cavitational self-oscillations (hereinafter the generator) is
installed in the tip of the sealer. This made it possible to eliminate energy losses and
transfer the dynamic load to the coal-bed directly in the filtration section of the well.
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The generator is the Venturi tube of special geometry in the flow part of which
high-frequency self-oscillations of fluid pressure occur [2, 3]. In the filtration section
of the well, the energy of the cavitational oscillations of liquid medium is
transformed into the energy of a hydro-impulse vibration. High-frequency impact of
power pulses on the block-seamed structure of the coal-bed leads to its fatigue state.
Therefore, even at medium stresses that do not reach the strength of coal [4], a
multidirectional network of microcracks develops and it is occurred the discontinuity
in the coal-bed.

The indisputable advantage of this device, in contrast to the known mechanisms
and methods [5-7], is the absence of additional energy sources and moving
mechanical parts. The generator is located in the well and all the energy of cavitation
self-oscillations is spent on the hydro impulsive loosening of the bed. When it is
conducted the mining operations at threatened and dangerous beds by sudden coal
and gas emissions, the “Rules ...” [8] defines the requirements for forecasting and
controlling the danger of coal-bed for gas-dynamic phenomena (GDP). In order to
control the dynamic parameters and evaluate the effectiveness of the new method of
hydroimpulsive loosening [9], based on standard methods [8], new methods were
developed to monitor the state of the coal bed and control the hydroimpulsive effect.
The developed methods make it possible to control the process of hydro-loosening,
but do not allow to estimate the effectiveness of the device operation. Therefore, the
purpose of this work is to determine the efficiency of the device and evaluate its
effectiveness.

To achieve this goal, it was used the results of mining and experimental works,
the results of bench tests of the device for hydro impulsive impact on the coal bed,
theoretical studies of the energy characteristics of stationary and pulsating fluid flow.

Validation of the range for research. The basis of our research will take the
results of mining and experimental works at the pressure of the fluid at the generators
inlet P, = 11 MPa.

In fig. 1 it is shown the amplitude-frequency (AF) spectrum of the sound of a
hydro-impulsive loosening of a coal bed, recorded by the ZUA-98 equipment [10,
11].

The seismogram reflects the intensity of acoustic emission (AE) of the signal in
the frequency range from zero to 3.0 kHz. The soundtrack spectrum of AE
characterizes its energy at different intensity of the process. In our example, the range
of low-frequency vibrations of 100-150 Hz is associated with electrical noise. Part of
the energy of high-frequency oscillations of 200-800 Hz is associated with the
process of fluid filtration and the development of cracks around the well, and some
with ultrasonic vibrations of the coal bed.

The high-frequency region of the spectrum is associated with pressure pulses,
which are realized by the device generator. If there are no high-frequency
components in the AF spectrum with a high level of energy of the sound impulse of a
hydro-impulse effect, then the generator operates without load, i.e. hydro impulsive
loosening of bed does not occur.
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Figure 1 - Amplitude-frequency spectrum of sound accompaniment of hydro-impulsive
loosening of coal bed (copy from operator’s monitor)

By the results of the control it was found that at P,, = 11 MPa, the active process
of hydro impulsive loosening starts at a backup pressure in the well 1.5 MPa. The
most intense cracking in the bed occurs at the backup pressure from 3.0 MPa to 6.0
MPa within 5-6 minutes, while its maximum was 7.5 MPa. After that, the backup
pressure sharply decreased to 2.0 MPa, and then, after 20-30 seconds, to ~ 0.8 MPa.

The analysis of the results of the monitoring of the backup pressure of the liquid
in the well and the sound accompaniment spectrum of the hydro-impulsive loosening
(see Fig. 1) are allowed to establish the following:

1. The active stage of hydro impulsive loosening of the bed occurs within 6-7
minutes at the backup pressure of the liquid in the well from 1.2 MPa to 7.5 MPa.
The frequency response of the generator in this range is from 1.5 kHz to 6.3 kHz;

2. The range of the AF spectrum of the signal generator operation AE is from 1.4
kHz to 2.8 kHz. The most effective stage corresponds to the frequency of 1.6-2.4
kHz, and the maximum values of the energy level - f~2.0 kHz.

The method of calculating the generator efficiency. The useful energy that
realized under hydro-impulsive action consists of static and dynamic components.
Following the works [12], the total energy flow 3 is determined by the expression

E =PpQp +APAQ, 1)

where P,Q, = Es — it is the energy flow corresponding to a steady flow, not associated
with oscillations. It is determined by the backup pressure P, and flow rate through the
pump Q,. The second term in equation (1) is determined by the oscillatory
components of pressure — AP and flow rate AQ and called the flow of vibrational
energy.
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Oscillatory component AQ is determined from the condition of the balance of its
equality of the detached part of the settled cavitation cavity AV, multiplied by
oscillation frequency f

AQ=AV,f. (2)

The frequency of self-oscillations f is determined by the formula [13]

f = Sh, ver ¢ 3)

IrCI‘

where Sh, — Strouhal number, whose approximation equation is determined on the
basis of experimental data Sh,=0,0066 r.+0,0749 with certainty R*=0,99; 7, e 1 V¢r —
the cavitation parameter, the radius of the generator’s critical section, and the fluid
velocity were determined by known formulas.

The amplitudes of the self-oscillations of the volume AV, were determined from
the condition of the maximum volume of the settled cavitation cavity at the moment

of its separation at /. < /4 (where /. and ¢4 — axial lengths of the cavern and generator

diffuser):
AVc:%[Brczr(l—y)%rcrﬁc(tgg—tg%) (Zﬂ tg aﬂ 4)

where S — expansion angle of the generator diffuser, « — the angle of expansion of the
fluid jet, u — generator flow rate coefficient equal to 0,95.

The axial length of the cavity depending on the degree of development of
cavitation is determined in accordance with [14] by the formula
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Thus, the calculation of the total energy flow E (1) is made taking into account the
oscillatory components of the flow rate AQ according to the formula (2) taking into
account (3)=(5), and the pressure P - according to the refined linear mathematical
model of the cavitation generator [15].

Calculated energy fluxes are obtained at discharge pressures P, = 11 MPa,
expansion angle of the generator diffuser £=20° and jet extensions « = 1,35°, sound
velocity in fluid ¢ =1100 m/c, flow rate coefficient ¢ = 0,95 and saturated vapor
pressure P, = 0,0024 MPa.

Analysis of the results. Calculated dependencies of oscillatory components of
pressure AP, flow rate AQ and frequency f from backup pressure P, in the range of its
change from 0,5 to 9 MPa are presented on fig. 2.
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Figure 2 - Calculated dependencies of oscillatory components AP, AQ and frequency f
from backup pressure of the liquid in the well P,

The figure also shows the established range of the active stage of hydro-loosening
at the pressure of the liquid in the well from 1.2 MPa to 7.5 MPa and the AF zone of
the AE signal at the most effective stage of the generator operation 1.6-2.4 kHz.

From the above results it can be seen that the range of the AF spectrum of the AE
signal of the most effective stage of the generator operation (1.6-2.4 kHz)
corresponds to the backup pressure in the well from 1.2 to 3 MPa.

The analysis of the established dependencies AP=f(P,) and AQ=f(P,) shows that
with growth of P, values of oscillatory components AP, AQ increases dramatically
and, at certain values of P,~1.8 and Py=1.3 MPa respectively, reach their maximum.
The maximum value of AP approximately 1.9 times exceeds the pressure at the inlet
to the generator P,. Further, with an increase in the backup pressure of the liquid in
the well, it is observed decreasing of their values to almost zero.

The calculations allowed us to determine the energy flux, which corresponds to
oscillatory components E,=AP-AQ, and the total energy flux E (Fig. 3).
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Figure 3 — Calculated dependences of energy fluxes and efficiency on the backup pressure P,



52 1SSN 1607-4556 (Print), ISSN 2309-6004 (Online) I'eorexniyna Mexanika. 2019. Ne 148

From the established dependencies it is follows:

1. Relation E¢=f (P,) under the steady flow of liquid, is linear. VValues E; with the
increasing of backup pressure increase and tend to the maximum value that is
developed by the pump E,.

2. Under hydro impulsive action, when the backup pressure P, varies from 0 to
~1.5 MPa, the dynamic component E, of the energy flux increases from zero to the
maximum value E, = 5.4 kJ / s. Further, with increasing of the backup pressure, the
value of the dynamic component E, monotonously decreases, reaching zero at P, =
8.5 MPa. This is due to decreasing in the level of pressure fluctuations AP and
volume flow rate AQ under increasing the backup pressure Py;

3. With an increasing of the backup pressure value P, from zero to =~1.7 MPa, the
total energy flux E increases under hydrodynamic action, reaching a maximum value
of Emax= 6.5 kJ /' s, with its subsequent decreasing. When P, = 5.5 MPa, the total flux
E reaches the minimum value =~ 4.5 kJ/s. A further increasing of the value of E is
explained by an increase in the component of the energy flux corresponding to the
steady-state flow E,, under a significant decreasing of the level of dynamic effects on
the liquid.

The analysis of the obtained results allows to estimate the efficiency of hydro
loosening under the pulsed or static injection of fluid into the coal bed.

The expression for efficiency under impulse action is represented as

- (6)
o = E, ,
and under the static injection —
ES
=—. 7
s E, (7)

Consideration of the calculated dependencies of efficiency under pulsed and static
effects on the bed on the backup pressure P, (see Fig. 3) shows that with increasing
of backup pressure P, from 0.5 MPa the efficiency m,, first increases sharply,
reaching a maximum value of 0.87 at P, =1.9 MPa, and, further, decreases to 0.6 at
P,~5.5 MPa.

This behavior of n,=f (P,) is caused by the nature of the dependence of E on P,
(Fig. 3). A further increasing of efficiency n, at P, >5.5 MPa is explained by the
significant domination of the energy flux corresponding to the steady-state flow over
the oscillatory component, which practically acquires a zero value at P, ~8.5 MPa.

Comparison of dependencies n,=f (P,) and ne,= f(P,) shows that in the range of
backup pressure P, variation from 0.5 MPa to 6 MPa, the impulse effect on the coal
bed is much more effective than the static injection.

Conclusions. Analysis of the results of mining and experimental studies made it
possible to establish the working frequencies range of the device for the hydro
impulsive effect on the coal bed. By calculation for the established frequency range
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the energy fluxes are determined corresponding to the static and hydro impulsive
injection of the liquid into the coal bed. It made it possible to establish that:

— ceteris paribus (in pressure of injection and in the range of backup pressure from
1 to 6 MPa) the efficiency of hydro impulsive action exceeds the efficiency of static
action by about 4.8+1.2 times, which leads to decreasing in energy consumption by
about 50%;

—the proposed method for evaluating the effectiveness of the device for hydro-
Impulsive action on a coal bed is of practical importance. At the design stage of new
or improved existing equipment it allows to evaluate the effectiveness of the
operation of cavitation generators in the process of hydro impulsive action without
additional experimental studies.

The authors of the article express their gratitude to the researchers of the Donetsk
Research Institute for providing assistance in conducting research on the hydro
impulsive action on the outburst coal beds.
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HauioHanbHoi akagemii Hayk Ykpainu (ITCT HAH Ykpainu), Qxinpo, Ykpaina.

AHoTauis. B poGoTi npuBeaeHi pe3ynbTath TipHUYO-EKCNEPUMEHTaNbHUX PoBOT, CTEHAOBUX BUNPOBYBaHb i
TEOPETUYHUX LOCHIDKEHb EHEPreTUYHNX XapakTEPUCTUK CTATMYHOTO Ta iMMYNbCHOTO NOTOKIB PiguHK, SKi 4O3BONSIOTL
OUiHUTK eeKTUBHICTb poBOTK KaBiTaLiMHOIO reHepartopa npu rigpoiMnynbCHOMY PO3MYyLLYBaHHI BUKMOOHEDE3NEeYHMX
BYriNbHUX NnacTiB. [eHepaTop € Tpybkowo BeHTypi cneuianbHoi reomeTpii, B MPOTOYHIA YaCTUHI SKOTO BUHWKAKTb
BWUCOKOYACTOTHI aBTOKONMMBAHHS TUCKY piduHW. [epeBaroio AaHoro NpUCTPOIO € BIACYTHICTL AOAATKOBUX Mxepen eHepril
i PyXOMMX MeXaHiYHUX YacTuH. [eHepaTop po3TaLLOBYETLCS Y (iNbTPALiHIA YaCTUHI CBEPANOBUHI, TOMY BCS eHepris
KaBiTaLiiHWX aBTOKONMMBAHb BUTPAYaETbCA Ha rigpopo3nyLlyBaHHA nnacta. 3a amnniTygHo-4yactoTHoro (AY) cnektpy
3BYKOBOTO CynpoBOAY TiApOoiMNYNbCHOI Aji i TUCKY Mignopy piduHW B CBEPAMOBWHI BCTAHOBMEHA akTUBHA CTapis
rigpoiMMyNbCHOTO PO3MyLIYBaHHSA | edheKTMBHWN fiana3oH AY cnekTpy akyCTU4HOro curHamy poboTu reHepartopa.
AKTVBHa CTagia po3nyLlyBaHHs nrnacTa BiabyBaeTbCs NPOTArOM 6-7 XBWMWH NPW TUCKY NIAMNOPY PiAMHA B CBEPASIOBUHI
Big 1,2 MMa go 7,5 MMa. YactoTHa xapakTepucTuka reHepatopa y 4aHoMy AianasoHi cknagae Big 1,5 kM'y go 6,3 k'u.
[HianasoH AY 3BykoBoro cnektpy cknagae Big 1,4 kl'y go 2,8 k. MakcumanbHi 3HaueHHs piBHs eHeprii — f= 2,0 k'Y
BignosigalTb yactoti  1,6-2,4 kK. Po3paxyHKOBUM LIISIXOM 471 LbOrO  Jianas3oHy BW3HAYeHi eHepreTUyHi
XapaKTEPUCTUKN CTaTUYHOT Ta AMHAMIYHOT CKNaZoBKX MynbCYYOro NOToKy piguHu. Lie fo3sonuno susHauuty, wo KKO
KaBiTaLjHOro reHepaTopa, 3a iHLLMX PiBHUX YMOB rigpopo3nyLUyBaHHs BYrinbHOrO nnacta, y 4,8...1,2 pasu nepesuLlye
KKO cratuyHoi gii. Lie npn3BoanTb 40 3HWKEHHS MUTOMMX eHeproBuTpaTt npubnuaHo Ha 50 %. 3anponoHoBaHuMi cnocid
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OLiHKM edheKTUBHOCTI PobOTM MPUCTPOK ANS TigpoiMNyNbCHOI Al HAa BYriMbHUIA MAAcT Mae BaXMBE MpaKTUYHE
3HaveHHs. BiH [03BONsie OUIHUTM edeKTMBHICTE POOOTM KaBiTaUiMHMX reHepaTopiB B TEXHOMOMYHOMY MpPOLIEC
rigpoiMnynbCHOI Aii 6e3 LoAaTKOBKX eKCnepUMEHTanNbHUX LOCIIKEHb.

KntouoBi cnoBa: ByrinbHWi NNAcCT, rigpopo3nyLLyBaHHS, KaBiTaLiiHWiA reHepaTop, 3BYKOBMI CMEKTP.

AnHoTauus. B pabote npuBeaeHbl pes3ynbTaTbl FOPHO-3KCNEPUMEHTANbHbIX PaboT, CTEHOOBbIX WUCMbITAHUA W
TEOPETUYECKNX WCCNEAOBAHUI SHEPreTUYECKUX XapaKTePUCTUK CTaTUYECKOrO0 W WMMYNbCHOTO PEeXMMOB MOTOKA
XUOKOCTU, KOTOPbIe NO3BOMSIHOT OLEHNTb 3PPEKTUBHOCTL PabOoThl KABUTALMOHHOTO reHepaTopa Npu rMapouMnybCHOM
PbIXEHNUM BbIBPOCOONACHOMO YrombHOro mnacta. [eHepatop npeacTasnsieT cobon Tpyoky BeHTypu cneumanbHom
reoMeTpun, B MPOTOYHOM YacTM KOTOPOTO BO3HMKAKT BbICOKOYACTOTHblE aBTOKONEDGAHUS [ABMEHWUS KUOKOCTY.
[MpenMmyLLecTBOM AaHHOMO YCTPOMCTBA SBMSETCH OTCYTCTBUE AOMOMHMTENbHBIX WCTOYHUKOB SHEPTM W MOLBMXKHbBIX
MeXaHWYeCcKnx Yacteil. [eHepaTtop pacrnonaraeTcs B (OUbTPALMOHHOW YacTU CKBaXMHbI, MOSTOMY BCS SHeprus
KaBUTaLMOHHbIX aBTOKONEBaHMIn pacxodyeTcs Ha ruapopbIxnieHne nnacta. o amnnutyaHo-4actotHomy (AY) cnekTpy
3BYKOBOTO COMPOBOXAEHUS TMAPOUMNYNbCHOrO BO3AENCTBIS U JABMEHMO NOANOPa XUAKOCTY B CKBaXHE YCTaHOBNEHA
aKTUBHas CTagus rMapoOMMNYIbCHOTO pbIXfiEHWe U 3PdeKTMBHLIN ananasoH AY cnekTpa akyCTU4eckoro curHana
paboTbl reHepaTopa. AKTUBHas CTaaus pbIXNeHUs nnacta NPOUCXOAUT B TeYeHUU 6-7 MUHYT Npu AaBfeHuu nognopa
Xuakoctn B ckBaxuHe ot 1,2 MMa go 7,5MMa. YacToTHas XxapakTepucTuka reHepatopa B [JaHHOM [uanasoHe
coctasnset ot 1,5 kl'y go 6,3 kM'u. AnanasoH AY 3BykoBoro cnektpa coctaenseTt ot 1,4 kl'y 4o 2,8 k'u. MakcumanbsHble
3HaueHus ypoBHs aHeprum — f = 2,0 k' cootBeTCTBYET YacTote 1,6-2,4 kIl PacyeTHbIM nyTeM Ans 3TOr0 Avana3oHa
onpeferneHbl 3HepreTUYeckne XapakTepPUCTUKL CTaTUYECKON U AMHAMUYECKON COCTaBRSIIOLMX MyNbCUPYIOLLEro noToka
Xugkoct. 310 No3sonmno onpegenutb, 4to KM KaBMTALMOHHOTO reHepaTtopa, Mpu MPOYMX PaBHbIX YCHOBUSX
TMOPOPLIXIEHUs YronbHOro nnacta, B 4,8...1,2 pasa npesblwaeT KI[ ctatyeckoro BO3nenCTBNS. OTO NPUBOAMUT K
CHWKEHWIO yaenbHbIX 3HeprosaTtpaT npumepHo Ha 50 %. MMpegnoxeHHbin cnocob oueHku 3dhekTUBHOCTM paboThl
YCTPOMCTBA ANS MMAPOMMNYMbCHOMO BO3AEMCTBUS Ha YronbHbIA NNAcT UMeeT BaXHOe npakThyeckoe 3HaveHne. OH
no3eonsieT OLEHUTb 3hEKTUBHOCTL PaboThbl  KaBWUTALMOHHLIX TEHEpaTOpoB B  TEXHOMOTMYECKOM npoLecce
rMOPOMMMNYNbCHOTO BO3AeNCTBUS 6€3 4ONONHUTENbHbIX KCMEPUMEHTarbHbIX UCCea0BaHWiA.

KntoueBble cnoBa: yronbHblid NiacT, rapopbIXneHne, KaBUTaLUMOHHbIN reHepaTop, 3BYKOBOM CNEKTP.
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