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Experimental investigation of the near-bit jet pump
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Abstract

The nature of the flow distribution in the hydrausiystem of the near-bit jet pump has baealyzed. The peculiarities
searching the pumping station operating point heeen shown and the equation for determining hyadr#ngses in the elemel
of the ejection system has been given. Based orriexgrgtal studies, an error in the theoretidatermination of the relati
pressure of a jet pump has been established whieg asknown and advanced model of its working psscén contrast to tl
known method, the proposed model provides for thierchination of the hydraulic resistance of tiésel flushing syster
which is located in the area ofixed flow at the cost of working, not mixed flomproving the mathematical model of
ejection system allows to reduce the error of tbecal determination of the relative pressure efjét pump.

Keywords:chisel flushing system, ejection coefficient, huticaresistance, near-bit jet pump.

A priority area for the formation of an independentf low-profit wells operation [4], increasing the
energy market is to increase its own hydrocarboefficiency of production of formation fluid with a
production. According to the current concept osignificant content of paraffin [5]. The workingqmess
development of oil and gas industry of Ukraine [1]of a downhole jet pump is based on a complex
natural gas in 2035 will occupy the first stage ¥28in  mechanism of interaction of coaxial potential flowish
the structure of the energy market of the countlye a boundary layer placed between them with an uneven
share of oil in the overall consumption structuteoa velocity profile and a variable structure. The
projected to increase. Despite the rapid developmoen assumptions made in modeling the process of mixing
renewable energy, hydrocarbons remain an altematiflows require experimental verification of the dimyed
raw material for many industries. Today, due talgorithms and the establishment of acceptablediwii
economic reasons and existing geological and in@lst their use.
conditions, significant problems have arisen witte t In the 30s of the last century I. Goslin and
growth of oil and gas production. The share oM. Brown (University of California) [6] conducted
hydrocarbon reserves is increasing, the extractibn numerous experimental studies of jet pumps and
which is complicated by geological causes and wedupplemented the theory of G. Zeiner and M. Rankin
watering. The fund for inactive wells is growingada with empirical relations. In 1957, the applied stifc
requirements for the protection of the subsoil, thbasis for the use of jet pumps was supplemented by
environment and the safety of work at the fielde arexperimental studies of G. G. Cunningham (Universit
increasing. Under these conditions, increasing thef Pennsylvania) [7], who considered the possibitif
efficiency of hydrocarbon field development has rbeejet pump cavitation conditions and, thus, set timitihg
achieved through wider use in the drilling and aien modes of operation ejecting system in the well.
of wells of unconventional technologies and, inConducted experimental studies allowed to determine
particular, the use of downhole jet pumps. the area of permissible characteristics of downhole

The simple design and absence of moving pargjection systems and became the basis for techieslog
make it possible to use jet pumps in difficult geptal for the use of jet pumps in the construction and
conditions. A significant advantage of the use obperation of oil and gas wells development. A wide
borehole ejection systems is the preservation gh hirange of ejection technologies applications lealstb
permeability of the producing horizon during itsnumerous laboratories, display and industrial ssido
primary developing [2], reduction of the period ofdetermine the pressure [8], energy [9] and cawvitati
elimination of accidents during drilling [3], resption [10] characteristics of the jet pump. The French
petroleum Institute determined the characterisiichit
jet pumps for the first time [11]. Bit jet pumpsath

* Corresponding author: implement_a local reverse flushing of botto_m-hodme _
den.panevnik@gmail.com were studied by the Sunstone C_Zorporanon [1_2]. Bit
ejection systems of pressure-suction type wereiesiud
© 2019, Ivano-Frankivsk National Technical by China University of Petroleum [13], Southwest
University of Oil and Gas. Petroleum University (China) [14] and Ukhta Univigrs
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Despite extensive experience, extra longitudinal
ejection systems designed for local direct flustohthe 03¢
bottomhole area, have not been sufficiently studied ’ 2
Ultralight jet pumps of this type are often usedhaut ey --ﬁ/
taking into account the specific conditions of thei e A N -
operation in the well. Hence, approximate values of — B¢
design and operational parameters are accepted.
Because insufficient level of exploration of oveatiget
pumps they are not always effective.

The studies presented here are devoted to the ] o ]
experimental determination of the hydrodynamicl — the jet pump characteristics; 2 — the hydrasfistem
parameters of a suprathole ejection system intefated characteristics according to the basic methodology;

7| e f
14

direct flushing intensification of the face and uetion 3 — the hydraulic system characteristics according
of the differential pressure in the well duringliéh. to the new methodology

The flow of flushing fluid generated by the drilin Figure 2 — Dependence of the relative pressure dig
pump, through the hydraulic channel of the drilirg 1 jet pump on the injection ratio
enters the working nozzle of the jet pump 2 atoavfl
rate Q,, (draft 1). The intersection of these characteristics

(pointsA , A,) determines the operating point of the

pump installation. The equation of the jet pump
hydraulic system performance is determined by the
magnitude of the hydraulic losses in the elemefithe
ejection system (Fig. 1)

2 1
h= : (1)
: 1R
AR,
4 where AR,, AR, are hydraulic losses, respectively, in

the jet pump nozzle and chisel flushing system edus
by injection flow.
For the known (basic) [16] equation characteristics
1 — the hydraulic channel of the drill string; of the hydraulic pressure loss system in the chisel
2 — jet pump; 3 — hydraulic channel of annulus;  flushing systenAR, are determined by the amount of

. 4 — chisel f'“Shi”Q system; . flow (Fig. 1) of the mixedQ,, stream
Q,,— drilling pump consumptiong),,,— mixed flow 5 o
AR, = KyQf, = KQ3(1+ )%, (2

consumption;Q — injected flow consumption ) ) . .
where K, is generalized hydraulic resistance of the

chisel washing system.
The magnitude of the injection ratio, which is

The high rate of the wash solution leakage frofficluded to the equation (2) is determined by thetc
the working nozzle of the jet pump causes the lowatio of the injectedQ and the workQ,, flows. The
pressure area. The latter creates the conditions fequation (2) determines the position of curve Eim 2.
injected stream suctioning. In the mixing chamtbe, According to modern ideas about the operation of
velocity equalization occurs, and in the diffuséte the pump within the closed circuit, all the pressur
mixing pressure is restored. After leaving the wiffr created is spent on overcoming the hydraulic r@sist
jet pump 2 mixed flow with consumptio,, through within the system. The geometric difference between

the flushing system of the chisel 4 enters théhe receiving and pressure levels locatiohis 0.
suprathoracic space where its separation occursoPa Thus, in the case of zero values of the injection
the flow of the flushing fluid consumptio®,, along the coefficient, the pressure of the pump unit mustzém,

hydraulic channel of the annulus 3 moves in an ugwathat is, the characteristic of the hydraulic systewmst
direction to the wellhead, and the part with th@ass through the origin. Known equation of the
consumptionQ generates an injected stream that entefydraulic system characteristics [16], obviouslpesl

the receiving chamber (point C in figure 1) of jet not meet the generally accepted concept of the

L peculiarities of the jet pump operation in the elbsoop
pump. The use of a supercharged injection pumpvallo contour of the well circulation.

to increase the flow of_the w_ash!n_g solution on the The authors of this study suggested that the jet
bottom of the well while maintaining the constant . :

- pump generates the pressure difference required to
performance of the drilling pump.

The well ejection system operation mode overcome the hydraulic resistance of the chisedhflug

determined by the united solution of the equatibthe system, which is caused solely _by the flow of the
. . . : injected stream, whereas the drill pump creates the
pump characteristics and its hydraulic system (Bjg.

Figure 1 —Hydraulic diagram of ejection system
intended for direct injection flushing of well
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pressure necessary to overcome the hydraulsection of the mixing chamber 4, the pressure is

impedance of the flushing system of the chiselthis reduced, which promotes the flow of fluid throudte t

case, the equation of the hydraulic system of #te jintake line 6. In the mixing chamber 4 the workftay

pump will contain a component that determines thésupplied through the working nozzle 3) and thedtéd

pressure loss in the flushing system of the bisedby flow (which comes through the intake line 6) arexexi.

the motion of the injection flow The mixed fluid flows from the mixing chamber 4 and
AR = K, @ = K, Q3% (3) enters the diffuser 5, where there is a graduaigome

According to the equation given, the characteristic cOVErY- After leaving the diffuser the mixed flaw

of the hydraulic system of a jet pump will passtigh Separated: part of the flow with the flowra@e moves

the origin of the system coordinates (curve 3 i R). ailfcr:ﬁtthaen'gt?ﬁg Imaert6;,vfict)rr1mtlr?g ?Igvsrda?tletlonear!tglglct)r?e
Thus, the improved structure of the  equation downs’tream line g and the receivin vesvéel 1
characteristic of the hydraulic system will be detent 9 '

. : o . Valves 9, 11 allow to change the amount of the
with the theoretlcal positions of the pump n tilx_msed_- injected flow, and the latch 10 changes the working
loop circuit. In the course of the experimentadats, it

is necessary to establish which of the considereﬂé)w' Valve 9 also allows to change the mode of

equations: basic (2) or advanced (3) provides greatOperatlon of the jet pump from the straight (fluftthe

d L . gdditional circulation circuit moves clockwise) the
accuracy of analytical determination of the re0iMSeverse (the fluid in the additional circulatiorratiit
parameters of the ejection system.

. ; . oves counterclockwise).
recei-\ll—izz 5;536;;”16261(!6;5 ;[flt %a(IF;;?jhg)zcgnjztS;)smgf d The flowmeter 12 allows to determine the flowrate
the form of a working nozzle 3, a mixing chambemdl of the working flow Q, and flowmeters 13, 14

a diffuser 5, a suction line 6 in the form of amiéidnal (rj:sterelz]tlir\]/?els t][:)er t::gw:j?rtgct oa]:n dmjrz(\:/frie ﬂggggs of
closed circuit of the circulation and a pressure Iir. pectively, .
operation of the jet pump. Pressure gauges 15116,

and the jet pump by means of latches 8-11. Flownsete,
12-14 and pressure gauges 15-18 are used to con
the operation of the jet pump.

{%icuracy class 0.4) allow to control the pressures
working P,, injected P; and mixed P, flows,
respectively. The difference in the performancethef
pressure gauges 17 and 18 allows to determine the
hydraulic losses in the element (valve 9) locatedte
site of mixed flow of hydraulic system. The jet gum
operating parameters (experimental values of relati
pressureh, and injection ratioi,) were determined by
the experimental values of the working pressByg
injected P, and mixedP,,,, flows and the experimental
values of the injecte®,. and workingQy,. flowrates

P -R
h=—me © ie:& . 4)
Rve =R Que

In the process of experimental verification of
equation (1) it is necessary to compare the acguséc
determining the characteristics of the hydraulistssn
of the jet pump when using the basic (equation é2y)
proposed by the authors of this study (equation (3)
methods for determining hydraulic costs in the viragh
system of the bit.

The experimental values of the relative head and
injection ratio are determined in the following seqce.

1. Determine the magnitude of the pressures of the
working B, , mixed B,, and injected flow® according

to pressure gauges 15, 17 and 16 and representitthem

o |
@ x4 ‘ M the form of a relative pressure of the jet pump
\_\\ X hz(Pm_B)/(FJV—E)).
[ \& \2 34 8 Q.10 2. Determine the consumption of workirig, and
b)

injected flows Q, according to flowmeters 12, 13 and

Figure 3 — Physical form @) and , calculate the value of the injection coefficient
hydraulic diagram (b) of the laboratory machine i=Q/Q,.

@
=

The power drive 2 supplies the power fluid from 3 Th_e value of the relative hedd injection ratio .
the receiving vessel 1 to the working nozzle 3nefjet IS determined by the constant value of the opeagatin
pump. Due to the increase in the motion speed ef tHOW generated by the power pump 2 (Fig. 3 b) ared t

fluid at the outlet of the working nozzle in thetiey Variable opening rate of the latch 11.
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According to the proposed hypothesis, the pressusame values of the injection coefficient. Thus st i
created by the power pump 2, which is analogodkdo unnecessary to define an empirical function andtgse
drilling pump for the scheme of the ejection systemof the hypothesis of the distribution of random
shown in Fig. 1, is spent to overcome the hydraulisubstances.
losses in the latch 9 (analog of the washing systém When planning experimental studies, we consider
the bit) caused by the movement of the work flomthe features of determining the pressure in the
Then the pressure created by the jet pump is gpentcharacteristic sections of the experimental stdrtte
overcome the hydraulic losses in the latch 9 calsed working, mixed and injected flow pressures are
the flow of injected flow. In conducting experimieh determined by the amount of hydraulic losses in the
studies [17], the dependence of hydraulic lossethén separate elements of the hydraulic system

element placed on the mixed flow section of thet&ge P, =AR,+AP,+ARB+ARy; (5)
system was determined from the flow rate of thekwor P =AP +APR. )
flow and the self-similarity with respect to the rate mo e e

of the injected flow. Changing the flow rate of the R =4R,-AR, Q)

injected flow through the latch 9 did not affecteth were AR,, AR,,, AR,, AR,, AR, are hydraulic losses

amount of hydraulic loss in this element. In viefthe in the working nozzle, in the mixing chamber andhia
results obtained in [17], the following scheme tfdses  |atches respectively.

of the hydraulic system of a jet pump is adopted. While determinating of equations (5) — (7) linear
1. Determination of coordinates of working pointgpsses are neglected due to a small length of bjidra
of ejection system experimentally. channels.

2. Establishing a view of the dependence of  Taking into account equation (5) — (7), we write an

hydraulic losses in the latch 9 from the value loé t expression to determine the relative pressure fjigh
working flow with zero flow of injected flow pymp

ap= Q. hePn"R__ AR-AR,
3. Establishing the coordinates of the working P -P AP +AP. +AR+AP,
. . . . . w [ p m 9 11
points of the ejection system in the theoretical ®)
determination of the relative headP = f(Q) using :ﬁ_
+
empirical dependenceAP = f(Q). For comparative 1+—W —M
ARy +AR,

analysis dependency is used for two cases: . .
costQ is the value of the workflow co&= Q,; Based on the hy_draullc diagram of the
flow Q takes the value of the mixed flow rateexperlmental bengg, \iveA;v “ieF(,j O_WS )
_ _ X w m w m?
Q=Q =Q @+i). AR,=P, - P, (10)

The theoretical value of relative pressure whiclyhere p,  is the pressure value at the outlet of the jet
correspond to a sensitive operating points of ejact mp pressure line. Taking into account expressions

system we compare with the experimental values af (10) equation (8) we rewrite in formula
establish which method of determining the hydraulic™”’ q 1

losses in the element located in the mixed flowtisac h= _ (11)
of the jet pump provides greater accuracy of the " Rv~ P
analytical determination of its characteristics. AR, +(Ft)3nt - R)

This (indirect) method of checking equations (2) | ot s first consider the method of hydraulic Issse
and (3) is adopted in connection with the inabilty gyeiermination in a mixed flow element. Their

allocate experimentally that part of hydraulic BSSn o, herimental value is defined as the pressurerditee
the element placed on the site of the mixed flowiciv according to the experimental bench scheme.

is caused exclusively by the movement of the inject AP.=P - P (12)
flow. During the research, the experimental valoés L. 97 m . Tent .
The possibility of conducting these experimental

the relative pressure are compared with its thedet e .
values obtained in accordance with the basic argiudies is complicated by the movement through the

improved methodology. Taking into account that ¢hed0ca@l resistance of the mixed flow. While condogti
models differ only in the way of determining theStudies, it is necessary to separate the wgr_kflas\smg
hydraulic losses in the local resistance placediten through the local resistance from the injected flow
mixed flow line, the value of pressure losses iheot Which is impossible. The solution of this problesnto
elements of the ejection system is determined by /Bvestigate the operation of the jet pump, which
single methodology by using experimental data. ThiQPerates in zero-cost condltlo_ns of the |njectedvfl!n
approach will improve the correctness of thdhis case, hydraulic losses in concentrated hyitraul

comparison of the basic and improved mathematicK¢Sistance located in the pressure line of thepyetp

model and the reliability of the research. will be caused solely by the movement of the wagkin
In the process of experimental verification of thdOW- The characteristics of the hydraulic losses

equation of the hydraulic system characteristit® t formation in the local resistance that are causethb

theoretical values of the relative pressure arepeped action of the jet pump are preserved. Such jet pump
directly with its experimental values obtained the CPerates as part of a closed-loop circulation dircu
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Table 1 — Determination hydraulic losses due to wéflow

Experiment thsl/f ' I\%Ea Experiment Qm%g ' I\ﬁllza Experiment szl/f ' I\ﬁllza
1 8.76 0.006 8 10.75 0.0071 15 15.08 0.008
2 8.60 0.004 9 11.10 0.014 16 15.31 0.009
3 8.60 0.004 10 10.60 0.007% 17 15.1B 0.008
4 8.60 0.005 11 10.41 0.006 18 15.0B 0.009
5 8.46 0.003 12 10.86 0.007% 19 16.4p 0.009
6 8.53 0.003 13 15.30 0.00§ 20 17.3B 0.009
7 9.10 0.006 14 15.64 0.009 21 17.6[ 0.008
Table 2 — Experimental verification of the equationof performance of the hydraulic jet pump system
Experiment i h, h, h, &, % o, ,%
1 1.081 0.099 0.113 0.102 14.1 3.8
2 0.973 0.101 0.116 0.105 14.6 3.6
3 0.941 0.104 0.119 0.108 14.4 3.6
4 0.902 0.115 0.130 0.119 12.9 3.1
5 0.862 0.131 0.143 0.132 9.2 0.7
6 0.719 0.144 0.156 0.145 8.1 0.6
7 0.710 0.149 0.161 0.151 7.7 0.6
8 0.616 0.169 0.179 0.169 6.3 0.5
9 0.468 0.192 0.199 0.191 3.5 0.7
10 0.294 0.212 0.216 0.211 2.0 0.6
11 0 0.248 0.243 0.243 2.1 2.1
A certain position of the gate lock element is dqua 1
to zero value of injected flow losses. This elemisnt P-P 1 (16)
located in the secondary circuit and circulationttod 1+ —-m 2
pilot plant. In this case, the flow of the jet pumpthe a+bQ, (1+1)+cQ(1+ )"+ Ry~ R
outlet is only moving through the concentrated 1
resistance. Modifying the design of the jet pumgd dre h, = P, -P, an

characteristics of the jet system, we adjust the flate

corresponding to the zero-flow rate of the injedted.

The dependence of hydraulic losses in the element
located at the outlet of the jet pump on the wankfl
losses is obtained on the basis of 21 experimpuoials

1

+
a+bQ,+ e+ Ry~ P
Equation (16) is obtained using the base method ,
and the equation (17) — according to the new method
Errors determination of relative header by base

(Table 1). and new J, method is determined by comparing

The experimental dependence that was Obtain?ﬁeoretical value$y,, h_with experimentah, .
AP = f(Q) can be approximated as a square three term The reduction of the error of determination of the

AP = a+bQ+ cF, (13) relative pressure by the new method testifies #0 it

with constant coefficients advantages in comparison with the existing methd o

a=-0.130¢cb=007855; o= -oczaqag’, UG he characteris of e halisey,
Given the results of theoretical studies, the P » 2 Jet pump

- . . . “diameter of 16 mm working nozzle and a distance
magmtude of h.ydraullc losses in the element ofem_x between the nozzle and the mixing chamber 26.5 mm
flow is determined solely by the value of operatin :

Yvas used. Comparative analysis used 11 experimental
costQ, values of the jet pump head for a fixed value of
AR, = a+bQ, + cG. (14) operating flowQ, =8.6[10° m’s (Table 2).

According to the basic methodology, this value is  The results obtained allow us to determine the
determined by the equation benefits of using the proposed mathematical modlel o
ARy = a+ bQN(1+ i)+ Cq,(1+ i)z. (15) hydraulic pump system, which is operated in the
. . . _maximum efficiency mode. This mode of operation of
Given Egs. (11), (14), (15), we write expressiong " S
- . . : e jet pump corresponds to the value of injection
for determining the jet pump relative pressure atiog

coefficient close to oné - 1.
to the baseh, and newh, methods The conducted studies allowed us to formulate the

following conclusions.
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VJIK 622.24 + 621.694.2
ExkcnepumMeHTanbHe AocnigXeHHA HaAA0NOTHOro CTPYMUWHHOIO Hacoca

€. I. Kpuscaniecokuii, /. O. Ilanesnux

lséano-@pankiscvruii HayioHATLHUL MEeXHIYHUL YHIGepcumem Hagmu i 2asy;
syn. Kapnamcoka, 15,1sano-@panxiecvr, 76019, Vkpaina

ITpoananizoBaHO XapakTep PO3MOALLY IMOTOKIB B TiAPaBIIYHIA CHCTEM] HaJJOJOTHOIO CTPYMHHHOI'O Hacoca.
ITokazano 0coOJUBOCTI MONIYKY po00Y0i TOYKH HACOCHOI YCTAaHOBKM Ta HABEIEHO PIBHSHHS Ui BU3HAUCHHS
TiIpaBIiYHUX BTpAT B €JIEMEHTaX eXeKUiiiHoi cucteMu. Ha OCHOBI eKCliepMMEHTAJIbHUX JIOCIIPKEHb BCTAHOBJICHO
MOXHWOKY TEOPETUYHOT'0 BHM3HAUEHHS BiTHOCHOTO HAMOPY CTPYMHWHHOTO Hacoca NMPU BUKOPHCTaHHI BiTOMOi Ta
YIIOCKOHAJIEHOT Mojelni #oro poGodoro mpouecy. Ha BiaMiHy Bif BiZoMOI METOAMKH 3aIllpOIIOHOBaHA MOJIENb
nependadae BU3HAYCHHS TiIPaBIidYHOTO OMOPY MPOMHUBAIBHOI CHCTEMH JIOJIOTA, PO3MINICHOT HA AUISHII 3MilIaHOT
Tedii 3a BEJIMYMHOIO BUTPATH poOOYOTro, a HE 3MIIIAHOTO MOTOKY. Y IOCKOHAJICHHS MaTeMaTHYHOI Mojeni podoTH
©KEKI[IIHOI CHCTEMH JI03BOJISIE 3MEHILIUTH MOXUOKY TEOPETHYHOTO BU3HAYCHHS BiJHOCHOTO HAMOPY CTPYMHHHOTIO
Hacoca.

KitouoBi cnoBa: eiopasniunuii onip, xoegiyicum egicekyii, Ha0OOIOMHUL CIMPYMUHHUL HACOC, NPOMUBATLHA
cucmema 0010md.
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