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Abstract
Introduction. Basic performance requirements for the main mine drainage pumps arise from
modern technologies of mining that take into account technical and economic capabilities
of mining operations and geological features of the most accessible proved and producing
fields. To carry out short-term prediction of the required equipment characteristics in order
to organize rational mine dewatering, it is necessary to establish historical relationships
between the true mining depths growth and the dynamics of centrifugal pumps technological
development.
Methods of research include collecting and analyzing data from literary sources, using the
chronological order and mathematical statistics of the hydrodynamic characteristics of
the main drainage centrifugal pumps and the producing mine depths, and analyzing historical
data and patterns of centrifugal pump hydromechanical characteristics improvement as a
function of time.
Results. Correlation dependences are obtained between centrifugal pump hydromechanical
parameters and mine depth growth dynamics as a function of time.
Conclusions. The level of centrifugal pump performance indicators is maintained for a
sufficiently long period of time. The existing methods of centrifugal pump calculation and design
have therefore practically exhausted their potential for modernization. Modern trends in natural
resource consumption require maintaining the pace of mining development. It is predicted that
in the short term, the main mine drainage is going to express a need for centrifugal pumps with
increased hydrodynamic load and energy efficiency. The methods of vortex flow control in the
wet and hydraulic ends of pump have the potential to improve these indicators.

Keywords: centrifugal pumps; head; efficiency; hydrodynamic load; energy efficiency, mine
drainage.

Introduction. To increase the accuracy of calculations during strategic planning
of mineral deposits integrated development for 10-30 years or more [1], it is essential
to assess the dynamics of process equipment, auxiliary equipment, and main mine
drainage performance characteristics improvement. Design parameters of the main
drainage operating modes depend on the field water content and inflow, determined
by hydrogeological factors as well as the characteristics of mineral body occurrence
and planned development stages depth. Therefore, the timeliness of requirements
for main drainage equipment characteristics depends on the average indicators of
the current stages and conditions of producing solid mineral deposits, determined
by the demand for raw materials under the current capacity of field to produce.
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Historically, mining was prefaced by easy-to-develop deposits with low production
costs. Field depletion in the course of mining creates a tendency towards greater
depths and technical sophistication of the mining process. When the feasibility limit
is reached or minerals are fully developed, it is possible to consider the transition
to new deposits with more complex development conditions and lower content of
useful components. The factor of mining depth growth, as a rule, is also present [1].

Trends towards deeper and more complex mining increase the cost of mining.
To maintain the competitive advantage, mining enterprises should improve the
efficiency and the technological level of flow processes, including mine drainage.
Thus, it seems relevant to compare the dynamics of mineral deposits mining and the
dynamics of the of mine centrifugal pumps characteristics improvement.

The relationship between mine depths, efficiency, and coefficients of
centrifugal pump head. Figure 1 shows a sample of the depths of mines operating
on the territory of the USSR, and later on the territory of the former Soviet Union.
Two dependencies as a function of time were selected from the given data sample by
statistics: the average digging depth and the maximum digging depth. The indicators
of the average and maximum digging depth as a function of time can be described
by empirical regression equations:

H =6,7-10 ¥ 7"%°, (1)

average
H,. =58310 7% ()

where T — time, year; in this case, the root-mean-square deviation is R = 0.70 and
R*=0.87, respectively.

In this study, to assess the technical development of centrifugal pumps for the
main mine drainage, the following criteria have been taken: the efficiency, as soon as
it characterizes the indicators of equipment energy efficiency and cost-effectiveness,
and the head coefficient y, which is an indicator for the hydrodynamic load level
assessment of a centrifugal pump impeller:

where g is the gravitational acceleration; H is the head; u, is peripheral speed at the
exit from the impeller.

Figures 2 and 3 show head and efficiency coefficients of centrifugal segmental
pumps for the main mine drainage, designed and widely used at different times.
The dependences of head coefficients and efficiency as a function of time can also
be described by empirical regression equations:

v =-56412-10"T> +0,2295T —232,28;
N=-2,804-10"7> 4011397 —114,91,
in this case, the root-mean-square deviation is R* = 0.82 and R*> = 0.90, respectively.
Models of centrifugal segmental pumps. In the history of the technical

development of centrifugal segmental pumps for the main mine drainage, several
basic models are distinguished (Figures 2 and 3). Segmental pumps of the KCM type [2]
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used until the 1940s were the first. KCM centrifugal segmental pumps were in batch

production. They were designed based on duplicate parts and characterized by low

energy efficiency explained, firstly, by the increased energy losses in the vaned

casings and transfer channels to the next segment of the pump, and secondly, by the

additional losses in the hydraulic unloading device which compensates for the axial

force. Rapid growth in the national economy’s consumption of natural resources
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Figure 1. Mine depths on the territories of the USSR and former Soviet Union
Pucynoxk 1. I'myOuns! mraxt Ha Tepputopurd CCCP 1 mOCTCOBETCKOro MpOCTPaHCTBA

conditioned a significant development of mining technologies and production
capacities from the 1940s to the 1970s. Centrifugal segmental pumps for the main
mine drainage were reworked and adapted to the increasing needs and variety of
mine drainage conditions; outdated KCM and AII were replaced by MC and ITHC.
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Figure 2. Dependencies between the efficiency and the head coefficient of the centrifugal segmental
pumps and maximum mine depths on the territories of the USSR and former Soviet Union:
KCM - inclined rotor monoblock pump; ASIIT — pump designed by A. Ia. Podoprigora; MC — multistage
segmental pump; [{THC — centrifugal segmental pump
Pucynok 2. 3aBucumoctu KITJ] u ko3 duumeHra Harmopa HIPUMEHSIEMBIX LHEHTPOOESKHBIX CEKIIMOHHBIX
HACOCOB M MaKCHMaJbHbIX riyOuH mmaxt Ha Tepputopurn CCCP ¥ HOCTCOBETCKOTrO MPOCTPAHCTBA:
KCM - ueHTtpoOexHO-BHXpeBo  MoHOONOYHBIH  Hacoc; ASIl  — Hacoc  KOHCTpyKTOpa
A. 4. Tlomompuropa;, MC — MHorocrymeHuarslii cekiuonHblii Hacoc; I[[HC — mneHTpoOexHbIit
CEKIIMOHHBIN HAacoC
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Based on standardized parts, a universal range of models was formed with sufficient
coverage of the fields of mine drainage regimes. The efficiency was increased due
to design optimization. GOST 10407-70 state standard for centrifugal segmental
pumps was introduced.
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Figure 3. Dependencies between the efficiency and the head coefficient of the centrifugal segmental
pumps and average mine depths on the territories of the USSR and former Soviet Union

Pucynok 3. 3aBucumoctn KIIJ] n xosddurmenta Hanopa IpUMEHIEMBIX IEHTPOOSKHBIX CEKI[HOHHBIX
HAcOCOB M cpeqHnX TiryonH maxt Ha Tepputoprur CCCP n mocTcoBeTCKOro mpocTpancTsa

Centrifugal pumps, widely used in the main mine drainage [3], are mainly
designed with low-speed and normal impellers with a specific speed number
n =70-100, since it is important to create a significant head per pump stage, because,
as a rule, the maximum number of the stages is limited to ten. Increased head on one
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impeller is achieved through relatively longer blades and a longer inter-blade channel
of the impeller. However, the indicated technical solutions have disadvantages in
the form of reduced efficiency due to considerable friction of the pumped liquid
against the impeller surface, and the increased dynamic head is accompanied by
losses in the process of converting it into the static one [4]. Low-speed impellers
have low adaptability, since flow stability at the exit edges of blades is impaired at a
relatively early stage of the operating mode deviation from the nominal one, leading
to additional energy losses due to vortex formation, which is confirmed by foreign
studies [4]. In real operating conditions, in most cases, pumps do not operate in the
nominal mode, but in the permissible operating range, i.e., with impaired stability
of the flow in the wet and hydraulic end, which leads to lower energy efficiency of
centrifugal pumps [5]. Operation with reduced productivity at increased head is a
particularly detrimental mode for a centrifugal pump; in this case, stagnant areas
appear, which turn into single vortices with the possibility of further transition to
separation vortices. Such hydrodynamic processes have an adverse effect on the
efficiency of energy transfer to the fluid flow from the centrifugal pump impeller
rotation [6—8]. Such pump operating modes are accompanied by increased head
discontinuity and pulsations from the hydrodynamic interaction of the exit edges
of blades with the edges of the vaned casing in the discharge pipe [9-11]. These
phenomena cause increased vibration on pump parts [12].

The most promising direction for turbomachines hydrodynamic load and
efficiency improvement are vortex methods for flow control the in the flow end of
pump [13, 14]. Currently, active study is underway on the use of centrifugal vortex
pumps for mine drainage [15].

Table 1. Theoretical dependencies between the hydrodynamic parameters centrifugal pumps
and mine depth dynamics
Tabiuna 1. Teoperuueckue 3aBHCHMOCTH THAPOMEXAHHYECKHX IAPAMETPOB LIEHTPOOEKHBIX
HACOCOB M JIMHAMMKM YIJ1y0JIeHHsl IAaXT

Year Average mine depth, m Maximum mine depth, m R ffl?llclir;}l)cy coe t%i?gnt v
1945 457 810 0.55 0.60
1960 514 956 0.59 0.97
1970 556 1067 0.70 -

1980 602 1191 0.70 0.97
1995 676 1402 0.70 0.97
2025 851 1936 0.75 1.12

Results. Based on the obtained dependences of H_and H_ , average series of
values of mine depths as a function of time (1), (2) are specified. The data are given in
Table 1 with the corresponding values of the efficiency and head coefficient parameters
of centrifugal segmental pumps used in different years at the main mine drainage.
Correlation dependences of parameters H and efficiency; H__and efficiency;

H and y; H__and y: R

average

Haverage A0 €TTICIENCY ..evviiiiiiiiiiiiicicccce s 0,84
Haverage A0 W oottt e 0,80
Hinax @0 CFTICIENCY ..ecuviiiiiiiieciecie sttt be ettt saeseaeseaeeraeennnes 0,82
Hinax QI W ettt sttt 0,78
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The obtained correlation dependencies show the historical interconnection
between the characteristics of the operating centrifugal segmental pumps and the
depths of mines, which are determined by the needs of underground mining.

Conclusions. Correlation dependencies were obtained between the head
coefficient, the efficiency of centrifugal segmental pumps and the required lifting
height of mine drainage water.

It follows from the analysis of the centrifugal segmental pump impeller designs
developed according to the theory of L. Euler, that the stage head coefficient increase
by classical methods has reached its limit and its further increase is possible only
through the improved hydrodynamic processes using vortex methods of flow control
in the wet and hydraulic ends of pump.

By means of correlation equations, the predicted values of the head coefficient
and efficiency have been presented. The predicted values have been obtained from
the analysis of the operating centrifugal segmental pump required parameters,
determined by mine construction development dynamics.
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I[HHaMHKa TEXHUYECCKOI'0 PasBUTUA llC]-lTpOﬁe)KHle HAaCOCOB IIAXTHOI'0
BOJOOT/INBA

Yypaxos E. O.!; Makapos B. H.2, Makapos H. B.2, Axvmeros P. I’}

' OO0 CMHIT «39xkcneprHana/ika», Exarepunoypr, Poccust.

2 YpasbCKuii rocyIapcTBEHHBIN TopHBIil yHUBepcuTeT, ExarepunOypr, Poccust.
3 AO «Kocranaiickue MuHepanbi», JKurnkapa, PecryOnuka KazaxcraH.

Peghepam
Beeoenue. Cospemennvie mexuonozuu no 0obbiye HNONE3HBIX UCKONAEMBIX 6 VCIOBUAX
MEXHUYECKUX U IKOHOMUUECKUX BOIMONCHOCMEN NPOU3IBOOCMEA 20PHBIX pabom ¢ y4emom
2eonoauieckux ocobennocmell Haubonree OOCHYNHbIX PA36EOAHHBIX U NPUHAMBIX K pa3padomke
MeCmopodcOeHutl  OUKMYIOM  OCHOGHble MpebO6aHus K Xapakmepucmukam HaAcoco8 Ol
21a81H020 8000OMAUBA wiaxm. [l npocHO3uposanus 6 Onudicaliueli nepcneKmuse aKmyaibHbIx
mpedyemMblX Xapakmepucmux 000py008anus Oisl PAYUOHATIbHOU OpP2AHU3AYUL B000OMIUBA
20PHBIX  NPEONpUAMULL  HYHCHO YCMAHOGLEHUe UCHOPUYECKUX —63aUMOCea3ell  meHOeHyuu
yeenudeHus (Qakmuieckux 2iyouH Npou3e00Cmed 20pHbIX pabom 6 waxmax u OUHAMUKU
noxaszamernell yposHs MexHU4eckKo20 pa3eumus NPUMEHAEMbIX YeHMPODEHCHBIX HACOCO8.
Memooonozun. Coop u anamusz OAHHLIX U3 JUMEPANYPHLIX UCIMOYHUKOB C NPUMEHEeHUeM
Xpononozuueckoeo  NOpAOKA U MAMEMAMUYecKou — CIAmucmuky — SUOPOOUHAMUYECKUX
XApaKmepucmux UCHOTb3yeMblX O 2NABHO20 B000ONMIUEA YEHMPOOEHCHBIX HACOCO8 U TYyOUH
IKCNTTYAMUPYeMbIX Waxm, 00YCL061eHHbIX NOMPEOHOCMbIO 8 NPOedeHUlU 2OPHbIX pabom no
000bive nonesuvix uckonaemvix. Hccnedosanue ucmopuyeckux OAHHbIX U 3aKOHOMePHOCHel
NOBbILUEHUS 2UOPOMEXAHUUECKUX XAPAKMEPUCIUK YEHTNPODEICHBIX HACOCO8 8 YHKYUU BDEMEHU.
Pesynvmamut.  [lonyuenvl KOppensayuoHHble 3A6UCUMOCTIU  UOPOMEXAHUYECKUX NAPAMempos
YEeHMPOOEXHCHBIX HACOCO8 U OUHAMUKU Y2TTYONeHUs WAXm 6 YHKYUU epemeHi.
Bu1600vt. VYposenv noxazameneii Xapaxmepucmuk yeHmpoOexiCHbIX HACOCO8 COXPAHAEMCA HA
00CMAMOYHO ONUMETLHOM NPOMENCYINIKE 6PEMEHY, Ce008aMeNbHO, CYecmayioujue npumeHsemvle
Memoobl pacyema u NPOeKMUPOSAHUS YEHMPODENCHBIX HACOCO8 NPAKMUYECKU UCHePRanu COll
nomenyuan x mooepruzayuy. Coepemennvie meHOeHyuy nompedneHus NPupooHbIX pPecypcos
mpeOYIOm COXpaHeHUs MeMno8 pazeumus 20pHO000bIBarOue20 NPOU3B00CMed, U 6 bnudxcaliuel
nepcnexmuse Ol 21A6H020 B0000MIUBA WIAXTN NPOSHOUPYEMC NOMPEOHOCHb 8 YEHMPODEHCHBIX
HACOCAX — YBEeNUUEHHOU 2UOPOOUHAMUYECKOU —HASPYICEHHOCMU U 3Hepeo3ghhekmugHocmu.
Hnsa ynyuwenua Oannvix noxkasameneti NepPCHeKMUSHO NPUMEHEHUue Memooo8 BUXpesozo
VApAeneHus: meueHuem 8 NPOMOYHO-2UOPABIUHECKON YaCmu HACOCA.

Knroueswie cnosa: yenmpootescnuie nacocwl, nanop; KI/I; 2udpoounamuieckas nazpyscennocmo,
OHEP2OIPPHEeKMUSHOCb, WUAXMHBIL B0000MIUSE.
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