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2 Clarivate

Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacbl ¥nmmebiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MeXxHUKarbIK FbifibiIMOap Cepusicbl” fbinbIMU XypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachbl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapnaldbl. byn uHdekcmeny
b6apbicbiHOa Clarivate Analytics kommnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke Kabbinday moceneciH
Kapacmebipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei meH canacblH ycbiHaObl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fblibiMOap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmabiK yWiH eH e3ekmi xoHe 6edesndi
2eo0rs102usl XoHe mexHuKarnbIK fblribiMdap 6olbiHWa KOHMeHmke adandblfbiMbi30b! 6ir1dipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu u mexHU4eCKUxX
Hayk» bbln npuHsam 0Onsa uHdekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHoul sepcuu Web
of Science. CodepxaHue 8 amomMm uHOeKkcuposaHuU Haxodumcsi 8 cmaduu paccMompeHuUsi KomnaHueul
Clarivate Analytics Ons OanbHeliweao npuHsamus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadecmeo u enybuHy KoHmeHma Ons uccriedosameriel, asmopos, u3damernel U y4dpexoeHud.
BknoyeHue Useecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk e Emerging Sources Citation
Index demMoHCmMpupyem Halwy NpueepXeHHOCMb K Haubonee akmyasbHOMY U 8/1USIMESIbHOMY KOHMEHMY
10 2e0/102UU U MEXHUYECKUM Haykam Orisi Hawezao coobujecmea.
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RESEARCH OF THE INTERNAL LEAKAGE PROCESS
OF A LIQUID IN THE DESIGN OF A GEAR PUMP
WITH A TWO-AXIAL CONNECTION

Abstract. This article presents the results of a study of the process of internal fluid leakage in the design of a
gear pump with a biaxial connection. It is known that the volumetric efficiency mainly depends on the leakage of the
working fluid through the gaps formed by the tooth heads and the pump casing, as well as between the end surfaces
of the gears and the side walls of the casing. In addition, additional leaks occur along the contact line of the teeth. To
reduce radial leaks, the gap between the gears and the pump casing is minimized, and to reduce end-leakage, the side
walls are automatically pressed against the end surfaces of the gears by liquid under operating pressure. The design
of the pump shows that the main internal fluid leaks occur in the gap between the gears and the housing. Naturally,
these leaks require excessive energy consumption and, thereby, reduce the efficiency of the pump. The natural way
to combat this circumstance is to reduce the marked gaps to a minimum. This is possible using an additional element - a
biaxial sleeve. The dependence of the spring force on the fluid flow rate and the guaranteed gap between the ring
gear and the pump casing has been analytically established. They are characterized by a drop in force with an
increase in clearance and a rise in flow rate. This is due to an increase in the dynamic force in the gaps, which must
be compensated by the spring.

Keywords: wear of rubbing surfaces, clearance, fluid leakage, biaxial connection, gear pump, eccentricity.

Introduction. The reliability and durability of hydraulic systems is largely determined by the ability
of the working fluids used in them to help reduce wear on rubbing surfaces and prevent them from seizing.
The wear of gear oil pumps and precision pairs of setting and control parts has a significant impact on
pump performance and causes excessive power losses due to significant leaks through leaks resulting from
wear [1].

The pressure developed by the pump when operating in a closed loop affects the volumetric capacity
of the pump. As pressure rises, the volumetric capacity of the pump decreases. This is due to an increase
in internal leakage of fluid from the discharge cavity of the pump to the suction, i.e., with a kind of
slipping of the fluid. Since internal leakage is observed in all pumps, it is more convenient to judge the
pump performance by the volume of liquid supplied at a given pressure per unit time. The amount of
internal leakage depends on the type of pump and on the degree of wear it determines the volumetric
efficiency of the pump [1].

The analysis showed that a huge number of scientific publications and works are devoted to general
issues of the theory and practice of gear pumps. In particular, they are reflected in the works of Rybkin
EA, Usova EA [2], Yudina E.M. [3], Osipova A.F. [4,5] and others [6,7,8,9,10]. In these works, it is noted
that the main structural features of gear pumps are associated with the presence of gearing, which should
meet the specifics of volumetric hydraulic machines [11,12,13,14].
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Depending on the type of gearing, gear pumps can be of two types - external and internal, used in all
engineering industries. The simplest type of gear pump is an external gearing device. It is a structure
consisting of a housing and two gears. These wheels are engaged and are distinguished by their involute.
Gear pumps and hydraulic motors due to their simple design and operational reliability are widespread in
hydraulic drives of road cars [15,16]. Figure 1 shows a gear pump diagram.

Figure 1 — Scheme of gear pump: 1, 2 — gears; 3 — case

The principle of operation of the gear pump is as follows. Two gears of equal width leading 1 and
driven 2 are meshed and located in the housing 3 with a minimum radial clearance. To the end surfaces of
the gears are adjacent the side walls of the pump. When the gears rotate, the fluid filling the cavities
between the teeth is transferred by the gears along the inner surface of the housing (shown by arrows)
from the suction cavity A to the discharge cavity B. Volumetric efficiency mainly depends on the leakage
of the working fluid through the gaps formed by the tooth heads and the pump casing, as well as between
the end surfaces of the gears and the side walls of the casing. In addition, additional leaks occur along the
contact line of the teeth. To reduce radial leaks, the gap between the gears and the pump casing is
minimized, and to reduce end-leakage, the side walls are automatically pressed against the end surfaces of
the gears by liquid under operating pressure [17].

In all designs, dimensional bonds in the “shaft-bore” joint are generally considered. Such connections
are the connection of the diameter of the support sleeve in the hole of the pump housing, the connection of
the diameter instead of the teeth of the gear shaft in the hole of the pump housing, as well as the connec-
tion of the diameter of the shaft of the gear shaft in the hole of the support sleeve. These connections are
traditional corresponding bore diameters standardized by existing standards. Structural analysis and
technological requirements of the NS pumps showed that when designing the working unit of the NS
pumps, it is possible to use biaxial joints [18]. Figure 2 shows the working element of the NS pump using
a biaxial connection.

7 z
\ / # .
Figure 2 — / 11” // |
The working body of the NS pump using a biaxial connection: \ f
1 — NS housing; 2 — supporting bushings; 3 — expandable B \ '\ D
elements; 4 — axis shaft - gears; D — the diameter of the hole P | N G ‘y
in the housing; d — the outer diameter of the support sleeve; . _X d l
R — the radius of the landing diameter of the supporting sleeve; N &'.‘; =
O — diameter center of the support sleeve; Oz — center radius XA sAf=4 : T P P Ig’ |
of the bushing diameter of the support sleeve; \ a'f’:’ R - J"}'J ‘
points A, B — the points of the arc of the landing diameter "4 J

of the opening of the NS housing; | I \
U BG and U DE — two arcs of two support bushings having -
a landing radius R: ¢ — angle covering arc \U BG and U DE G j\ \ 3

M |
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From the design in figure 2 it follows that the supporting sleeve is pressed by the BG arc having a
radius R to the opening of the NS housing. In this case, the radius R can be chosen equal to R = 0.5D.
Such a choice of the value of R will allow us to combine for their average values the center of the hole in
the NS housing with the center of the arc of radius R.

In [18, 19, 20, 21], dispersion fields of the diameters of the sleeve and holes for biaxial joints were
shown. Depending on the task, the desired option for the mutual arrangement of tolerance fields of size R
and size 0.5D can be selected.

Investigation of the process of internal fluid leakage. The design and scheme of the pump shows
that the main internal fluid leaks occur in the gap between the gears and the housing. Naturally, these leaks
require excessive energy consumption and, thus, reduce the efficiency of the pump [22]. The natural way
to combat this circumstance is to reduce the marked gaps to a minimum. This is possible using an
additional element - a biaxial sleeve. When studying the process of internal fluid leakage, the design
scheme shown in figure 3 is used.

Figure 3 — Fluid leakage design scheme: 1 — pump housing; 2 — sleeve;
F — the force from the side of the compensating spring; Ap — the pressure drop during fluid leakage;
G — resultant forces acting on the sleeve

The most effective in the analysis of hydrodynamic losses during fluid motion is the Bernoulli
equation [23,24]. For the case under consideration, we have:

UZ
AP = ,07

where p - the density of the liquid; v - the fluid velocity in the gap.
With the steady laminar motion we have:

_Q
Y
where Q — nominal fluid flow rate; S is the cross-sectional area of the gap.
Given that the force acting on the cross-sectional area of the sleeve de is equal to:

v

dG = Ap - de
and integrating the resulting expression, we have:
G= f L
Sp

where Sp — sectional area of the side surface of the sleeve:

5 =hee=-"de=—

where /1 — sleeve surface width.
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Then we get:
v2e? Q2e?
~ P ys2

G=p

With a sufficiently small gap due to the eccentricity of the biaxial surface 9, an approximate value can

be used:
S=e-6
we get the dependence:
QZ
T
The dependence of the force on the eccentricity value is obtained (see figure 4).
p = 890 kg/m’.
The formula determines the indicator G (H) for three parameters for the pumped liquid:
3 0,42 x1073 0,67 x1073 0,83 x1073
Q, msec (25 Umin) (40 V/min) (50 U/min)
5,103 o4 | 1 | 2 0.4 1 2 04 | 1 2
L
G — 890 x 0,422 x 107° — 245 H
1T 4x042x106
G = 890 x 0,422 x 107° _39H
27 4x12x10°¢
c _890><0,422 X 1076 _98H
37 4x22x106 7
I1.
G — 890 x 0,672 x 107° 624 H
17 4x042x106
G — 890 x 0,672 x 107° _998H
27 4x12x106 77
o = 890 x 0,672 x 107° — 25 H
3T 4x22x107¢
II.
G — 890 x 0,832 x 107° — 958 H
17 4x042x106
G = 890 x 0,832 x 10 — 153 H
27 4x12x106
o = 890 x 0,832 x 107° _3gH
37T 4x22x10¢
3 0,42 x103 0,67 1073 0,83 x107?
0, m°/sec (25 1/min) (40 1/min) (50 I/min)
5,10° m 0,4 1 2 0,4 1 2 0,4 1 2
G, H 245 39 9,8 624 99,8 25 958 153 38
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Figure 4 — The dependence of the force acting on the sleeve G on the eccentricity of the biaxial connection &
for various values of flow Q

To ensure guaranteed pressing of the sleeve to the surface of the housing, according to the design
scheme, the condition must be provided

2F > G
Using Hooke's Law for Elastic Strength
F=CA
where C — stiffness coefficient; A is the amount of compression of the spring, we get:

as8cs,Z
2’ Pgs?

Conclusions:

1. The dependence of the spring force on the fluid flow rate and the guaranteed gap between the ring
gear and the pump casing has been analytically established. They are characterized by a drop in force with
an increase in the gap and an increase with an increase in flow. This is due to an increase in the dynamic
force in the gaps, which must be compensated by the spring.

2. The above dependences allow choosing the characteristics of the spring at the pump design stage
with guaranteed gaps between the ring gear and the pump casing and at specified costs.

A. K. lllepor!, JI. E. Anuxynos?, 0. M. Cmupnos’, K. T. Illepos?,
A. K. Pakumes’, M. M. Mycaes®, A. B. Masay6aii*
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EKI OCbTI KOCBLIBICHI BAP TICTETEPIIIKTI COPFBIHBIH KOHCTPYKIUACBIHAAT BI
CYUBIKTBIKTBIH IHIKI AFY IPOLUHECIH 3EPTTEY

AHHOTanus. Makanazia exi 0CbTi KOCBUIBICHI 0ap TICTErepIIiKTI COPFBIHBIH KOHCTPYKIMSCHIH/IA CYHBIKTBIKTBIH
IIIKI aFybIH 3€PTTEY HOTHIKENIEPl KeNTIpiiei.

Kenemni ITOK HeriziHeH TicTepiiH 0ac THEKTEPIMEH JKOHE COPFbI KOPIYCHIMEH, COHJai-aK, TICTErepLIiKTiH
Oyiiip OeTi MeH KOpIyCThIH Oyiip KaObIprajapbl apachlHIa maiijga OOJIFaH CaHbUIAYJAp aPKbUIBI )KYMBIC CYHBIKTBI-
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FBIHBIH arblll KeTyiHe OaitnansicTel. COHBIMEH KaTap, TICTiH TyHicyi OoWbIHINA aFymap KOCBIMINA Maiga OoJaibl.
Panyangp! arymapapl a3aiiTy yIiH, TiCTerepLIIKTEp MEH COPFbI KODPIYChl apachIHIAFbl CaHbUIAyIbl H a3 LaMaja
xKacaizpl, an OyHip KaObIprajgaphl KYMbIC KBICBIMBIMEH TICTErepIIiKTiH Oyiip OeTiHe CYMBIKTBIKIIEH aBTOMATTHI
TYpZe Kbichbliaasl. COPFBIHBIH AM3aiHBI CYHBIKTHIKTBIH HETI3T1 ILIKI aFybl peAyKTopiiap MEH KOPIyC apachbIHIarbl
QINIAKTHIKTa OOJIATBHIHBIFBIH KOpCeTe . OpHHe, OYJI aFblll KeTyJiep IaMa/iaH ThIC YHEPIHs WIBIFBIHBIH KAXET eTell
JKOHE COJI apKbUIbI COPFBIHBIH THIMIUIITIH TeMmeHzaeTell. by »xarmaiiMeH KypecyaiH TaOuru ojici - OenriieHreH
OJIKBUIBIKTAP.IBI a3alTy. ByJl KOCBIMIIIA SJIEMEHTTIH KOMETIMEH MYMKiH-OnaKcHa bl JKeH.

CepinreHiH KYIITiH CYWBIKTBHIKTHIH IIBIFBIHBIHA JKOHE TICTIH TOXKI MEH COPFBI KOPITYCHl apachIHIAFbl KEMiIIl
CaHBUIAayFa TOYENIUIIrT aHATMTAKAJIBIK TYpAe aHBIKTanabl. Onap caHpUIay YIFaifFaH Ke3e KYIITiH KyTaybIMeH jKOHe
IIBIFBIHHBIH YIFAIOBIMEH CHIATTANANbl. byl cepinmeMeH OachUlaThlH CaHbUIAyJIApAAFrbl JHHAMHUKAJIBIK KYIUTIH
ecyiMeH OaiIaHbICTHI.

Tyiiin ce3aep: xxaHacaTbiH OETTEPIIH TO3Ybl, CAaHbLIAY, CYWBIKTBIKTBIH aFybl, €Ki OChTI KOCBUIBIC, TICTErepIIiKTI
COPFBI, DKCIEHTPUKTLITIK.

A. K. lllepor!, JI. E. Anuxynos?, 0. M. Cmupnos’, K. T. Illepos?,
A. K. Pakumes’, M. M. Mycaes®, A. B. Masay6aii*

'TOO «Ka3axcTaHcKas aBHalMOHHas UHAycTpus», Hyp-Cynran, Kazaxcram;

2 TalIKeHTCKHI FOCY1apCTBEHHBIN TEXHUIECKUI YHUBEPCHUTET, Y30EKHCTaH;
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UCCJIEJOBAHME MPOLIECCA BHYTPEHHEM YTEYKH )KUJIKOCTH
B KOHCTPYKIIMN HACOCA HIECTEPEHHOTI'O C ABYXOCHBIM COEJUHEHUEM

AHHOTanusi. B cratee mpeacTaBieHbl pe3ysbTaThl HCCIICAOBAHUS MIPOIECca BHYTPEHHEH YTEUKH JKHIIKOCTH B
KOHCTPYKIIUH IIECTEPEHYATOr0 HAcOCa ¢ JBYXOCHBIM coequHeHHeM. M3BectHO, uyTo 00BeMHBIN KIIJ[ B OCHOBHOM
3aBUCHT OT yTEUKH paboyel >KHUAKOCTH 4epe3 3a30pbl, 00pa3oBaHHBIC T'OJOBKAMHU 3yObEB M KOPIyCOM Hacoca, a
TaKke MEXIy TOPIIEBBIMH IOBEPXHOCTAMH IIECTEpPEeH W OOKOBBIMH CTEHKaMH Kopiyca. Kpome Toro, mo smHMM
COIIPUKOCHOBEHHS 3yObEB BO3HHMKAIOT JOMOJHMUTEIbHbIC yTEUKU. JUJIi yMCHBIIEHHS pPaJUalbHBIX yTEYEK 3a30p
MEXAY IIECTEPHSIMH U KOPIyCOM HAcoca CBOJUTCS K MHHUMYMY, a JUI yMEHBIIEHHUS! TOPLEBBIX yTECUEK OOKOBBIC
CTEHKH aBTOMAaTHYECKH MPUKUMAIOTCS] K TOPLEBBIM ITOBEPXHOCTSM LIECTEPEH KUAKOCTHIO IO/ PAaOOUUM AaBICHUEM.
KOHCprKLII/IH HacocCa IOKa3bIBA€T, YTO OCHOBHBLIC BHYTPEHHHC YTCUKH KXUAKOCTH IPOUCXOAAT B 3a30p€ MCEKIAY
HIECTEPHSAMH M KOPIyCOM. ECTECTBEHHO, 3TH yTEUKH TpeOyIOT Upe3MEepHOI0 pPacxoja PHEPIUd M TeM CaMbIM
camwxator KITJ] Hacoca. EcrecTBeHHBIN c1ocO0O GOPBOBI C 3TUM OOCTOSTEIBCTBOM — CBECTH OTMEUYECHHbBIE IPOOEIIBI K
MUHUMYMY. DTO BO3MOXKHO C TIOMOIIBIO TONOJIHUTEIBHOIO 2JIEMEHTA — IBYXOCHOM BTYJIKU.

AHaNUTUYECKH YCTaHOBJEHA 3aBUCHMOCTb YCWIIMS NPYXKHHBI OT pacxoja >KHJIKOCTH W TIapaHTHPOBAHHOTO
3a30pa Meay 3yOuaThIM BEHIIOM M KOpIycoM Hacoca. OHM XapaKTepu3yIOTCsl HaJeHUEM CUIIBI IIPH YBEJIMYECHHU
3a30pa M BO3PACTAHHMEM IIPU YBEIMYECHHUHM pacxoia. JTo 0OyCJIOBIEHO BO3pAcTaHWEM [IMHAMHYECKON CHIBI B
3a30pax, KOTopasi JOJDKHA KOMIIEHCHPOBATHCS MPYKUHOM.

KaroueBble cj10Ba: N3HOC TPYLIUXCA TOBEPXHOCTEH, 3a30p, yTEUKa XKUAKOCTH, ABYXOCHOE COEIUHEHHE, HACOC
IIECTEPEHHBIH, SKCLICHTPUCHUTET.
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