t An electrical submersible punp Invention
description The proposed invention relates to

hi gh-speed el ectrical subnersible punps used for

hydr ocar bons production fromoil wells with high
concentration of solids. Punp afplication i s defined
as a high-speed application if the punp 1is spinning
with the rate over 4500 RPM Fornmation solids average
concentration int oductjon flow.,from
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pr odliventen desariptian reach concentrations as high as 1
g/liter inredi ately after fracturing. A high

rotati onal speed conbined with high solids

concent r @hé @ropasedhiveniish ediaes tof highispasd @ectrical submersible
accel er at ed %io ion wear of punp stages. Solids bein

t r-apPelPP n85eR ke hydragarbonsndirpdylion Biermeeih wellainith high

and &dridleh@Ba6Y of §QRONeNt s produce abrasion in the
stage material. As a result, the punp efficiency is

decr easi ReMPSApiYisstion ks defirssl deadsighspead iapplieation if the pump
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wear _r at |svgroport| onal to the particles veloci
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squatg. oTHisa SRrpHectionisRargmelerccat baenen mmfeéigber. The
RPM dohcéREStdP M Wbidppae Yldwhaldk ttl‘wémgfrog\lfu&wnh flofl 136 reach
stages erosion wear rate. Wth current” orl -1 ndustry
t r erffICeBlrakNSe 88 chigheaprioglliter immediately haftargimacturing. A high
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efficiency is decreasing. Stages wear also leads to an increase in dynamic
load for journal bearings. Accelerated wear of radial bearings may be a
cause for pump premature failure. The theory of erosidn teaches that
~ erosive wear rate is proportional to the particles velocity squared. For
example, the pump rate growth from 3500 RPM to 7000 RPM will result in
4-times growth in the stages erosion wear rate. With current oil industry
trends to increase the production rate through operating of pumps at higher
RPM, the erosion-protective elements became a vital feature for petroleum
pump design.

The patent RU2,018,716 discloses a multistage centrifugal pump
comprising a housing, guide vanes, shaft with impeller, intermediate
spacers. The designed details has protective coating from wear-resistant
material deposited, at least, in the places of shaft bending under the load

exerted by intermediate bushin_gs and guide vanes. Protective coating for



mat eri al deposited, at least, in the places of shaft
bendi ng under the | oad exerted by internediate

bushi ngs and gui de vanes. Protective coating for 2
opposite surfaces of guide vanes and spacers are made
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accommodates an elastic material, e.g., fluoroplastic or its composites.

The shortcoming of this pump is complex design and low stability to
impact of abrasive particles suspended in the pumped fluid.

The closesf analog to the disclosed invention is the design of
multista.ge submersible  centrifugal pump (authorship certificate
SU1,763,719). This pump consists of a cylindrical housing with many
stages. Every stage is installed on the shaft with axial freedom for the
impeller (with hub) and the diffuser, that includes the housing-fixed vaned
disk with a central orifice and vanes on the butt faced by the back to the
impeller end, and an external disk with a hub. At that, surfaces of the orifice
of the vaned disk and the hub of the external disk produce an annular

channel. At least part of diffusers are equipped with intermediary spacers



SU1, 763, 719). This punp consists of a cylindrical
housing with many stages. Every stage is installed on
the shaft with axial freedomfor the inpeller (with
hub) and the diffuser, that includes the housing-fixed
vaned disk with a central orifjce and vanes on the
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In preferable embodiment, the diffuser spacer made as an element with
essential rigidity in the axial direction but flexible for bending, the impeller
‘spacer has a protrusion, and the ceramic impeller has a mating slot, and
besides, has a rounded axis-directed slit that passes the whole inner
diameter of the impeller. In the preferable embodiment, the protrusion of
the impeller spacer has a flexibility enough to hold a torque. For longer
service life of the submersible pump, the metal impeller spacer may be
coated with an abrasive-resistant material. Two matching surfaces of
stages are divided by a layer of damping material, usually an elastomer. A
diffuser spring sleeve with high rigidity in axial direction may be installed
between the diffuser stack and the head. In this cése‘ another similar spring

sleeve (with smaller size) is installed between the shaft nut and the impeller
stack.



spacer .has a protrusion, and the ceramc inpeller has
a mating slot, and besides, has a rounded

axi s-directed slit that passes the whol e i nner

di ameter of the inpeller. In the preferable

enbodi ment, the protrusion of the inpeller spacer has

l.exibility enough to _hold a*t or que. For | onger
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stagkg 74 The disclosed invention is illustrated by

the follow ng drawi ngs. The punp section general view

is shown in Fig.1l. The st ages detailed construction
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and_the inpel|er spring sleeve are 'shown in Fi g. 5 and
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Spagffusef spHAYSIddve ﬁb gi elldPEpfi §|e% erﬁZ'c%hgﬁesﬁmw 12,

section desigh (see consi
comﬂbdéﬁme%nelcngplmg thaft 2, head 3, base 4,
diffusers 5, inpellers 6, journal bearings 7,

i npel l er spacers 8, diffuser spacers 9, diffuser

spr iThg diffesare stéck isnpahpessedingdide dbasing 1L between head 3 and
co reSS| on Jgut 12, and torque spline coupling 13
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gln'og]fgu%{e“ ! Pﬁ or p?@%é stéurflr%%%ﬁe pacﬁrf%\/icgring%ssed by
means of nut 12 on shaft 2. For impellers stack compression force -
“magnitude requirement is much lower — only couple kilograms. A lower
compression force in case of impeller stack is explained by the fact that
there is a special torque fransmission feature (explained beiow in the
patent description), constructed between shaft and each impeller.
Consequentially, the compression force for impeller stack should be just

sufficient enough to close the gaps between impeller and spacer contact
surfaces,

Diffusers 5 and impellers 6 are built entirely from ceramic material.
Aluminum oxide (Al03) can be used as ceramic material for stages
fabrication. Aluminum oxide has excellent erosion resistant properties and




di ffusers turning inside the housing. Inpeller stack

is conpressed by neans of nut 12 on shaft 2. For

i mpel l ers stack conpression force nagnitude

requirenment is much lower - only couple kilogranms. A

| ower conpression force in case of inpeller stack is
expla’nﬁgiby the fact tHat thete is a special torque
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and the diffusers can become loose.
2. lost of the gaps between diffuser and impeller stages.

In a pump complete assembly including the eleciric motor and the
protector, each impeller downthrust washer is barely touching the mating
surface on the diffuser and equal upper gap is maintained between each
impeller and diffuser (upthrust washer can be positioned either on impeller
or diffuser dedicated surface/groove). The upper gap value for each stage
is identical within tolerance limits and for most pumps this gap is
maintained in the range of 1-1.5 mm. Even a slight difference in the overall

length between diffusers and impellers stacks under the downhole



the initial stack conpression force and housing

el ongation during assenbly, the prel oading force
drops significantly (approximtely by 70% and the

di ffusers can becone | oose. 2. Lost of the gaps

bet ween diffuser and inpeller stages. In a punp
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stages bendi ng and i npact stresses reduction
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spring type design space sleeve 11 for impellers stack shown in Fig.5 and
Fig.6. Sleeves have tangential overlapping slots 24 and 25 arranged in a
pattern shown in Fig.4 and Fig.5. Multiple slots arrangement converts this
spacer sleeve into a spring with high stiffness (high ratio of compression
force to deformation). In the proposed pump construction, spring sleeve 10
is placed between the upper diffuser and pump head 3 (see Fig.1). Spring
sleeve 11 is placed between the upper impeller and shaft nut 12 (see
Fig.1). The proposed sleeve construction maintains a sufficient
compression force for impellers and diffus.ers stack and also handle the

~ difference in thermal expansion of the shaft and the housing. Elastomer
ring 17 (Fig.2) with rectangular or round cross-section is placed the groove
at the outer surface of ceramic diffuser. The friction force, originated by

contact of the elastomer ring, diffuser, and housing, helps in preventing



spring type design of the spacer sleeve 10 for

di ffusers stack and the spring type design space

sl eeve 11 for inpellers stack shown in Fig.5 and

Fig.6. Sleeves have tangential overlapping slots 24

and 25 arranged in a pattern shown in Fig.4 and

Fig.5. Miltiple slots arrangeneht converts this
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pl aced between the upper dlffuser and punp head 3 (see

Fig. sleeve 11 is placed between the up

el heraPansPn SR EHoubniphyr o) seeAdyoiaducing a
sl eeyrel §Ppsddr L heNReRBMiRHIES &cBUfih i Wi the length e(qua! to the
conpreSS|on force for inpellers and diffusers s

and ﬁp%eﬁ%ﬁl‘%’ lemgth. di fference in thermal expansion

of tphgpshaf ncﬂ_(éadb%F 5 ng. El astomer ring 17
(Fig %D ect ngul ar ‘or round cross-section is
pl aced the groove at the outer surface of ceramc

O TG i G e g A s

pr evinistatks of dfiders ang n‘hFéI&ér@Q Asﬁﬁ'r@@uli @?ag{&“édjﬂélment is not
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Ther mal expansi on i ssue (problem nunber twd) is sol ved

by introducing a steel spacer 9 between diffusers 5
(seelnfpagtady aspedt ohthe progobed qumhp idesigheis t'mmhllsebn of torque

o ope R tp SEBRETS 6,c EhpierbRLBfimm, Heions with cast iron
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r et atheedtnpelférhmwhaitmeﬂe@ﬂse préibriaetbkinged | @dbust key-groove
connection. In the disclosed design this issue is by arranging of another
mechanism for torque transmission (see Fig.2 and Fig 3). The torque from
shaft 2 is transmitted through conventional rectangular-shaped key 15 to
steef spacer 8. The torque from spacer 8 is transmitted to impeller 6
through protrusion/siot connection. Impelier spacer protrusions 14 are
‘mating slots 23 on the impelter hub face (Fig.4). The materials thickness
available through the connection ensures robust torque connection
between steel and ceramic components. To dampen the impact of chock
load while torque transmission, the protrusions 14 have a flexible feature
due to matching configurations 21 shown in Fig 4.
To make easy the key allocation, the impeller inner surface has a rounded
groove 16 (see Fig.3).



bore has a matching slot. In case of an inpeller built
entirely fromceramc, this design cannot work

properly. Shock |oads are transmtted though the

netal key and destroy the ceramic material of the

groove. The key size and the ipgpeller hub dinensions
prevent maki ng a robust key-grobve connection. In the

di scl osed design this issue is by arrangi ng of another
nechybi srtcpith s
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Anot her ver5|on of fabrication of the diffuser spacer
is s rg 7. In preferred enbodi nent, the spacer

is nofe off ﬂ*@m&yf AcHigving @isC Nl by |5|90|H§5u1?dé?bﬁt§e'?8 (Fig.2)
axial length to be rigid to support”™ 1ocal axial |oad

at 9% Q}@j‘r@é difser spacer misklle akgaout er rings wil |

probably have a slightly smaller axial extend. The

outer rings are connected to the central ring only

vi a Tewraventstagerieatutamdarmajes frodBidpbet iomelsf elastopaatiayers 19

and 20 are placed on diffuser surfaces (Fig.2).

Impeller spacer 8 outside surface is built from abrasion resistant material.
The surface layer can be represented by tungsten or silicone carbide
material or by ceramic material as well. Each diffuser hub and impeller

spacer pair also acts as a radial bearing with wear-proof surfaces.

The above described pump features allow to construct an erosion-resistant
electrical submersible pump from monoblock ceramic stages.




other. It should also be noted that the netal zone of
the top ring are at 90 degrees fromthe netal zone at
the other ring. Wth such a design, the ring is
extremely rigid in conpression. But its two externa
face can be bent in any direction. One of the way
achieving this is also by placﬁ%g undercuts 18 (Fig.2)
through the diffuser spacer mddle area. To prevent

st aggref gaiktr es damages from i npact | oads, el astoner

| ayers 19 and 20 are placed on diffuser surfaces
(Fig.2). Inpeller spacer 8 outside surface is built

froma ' si.stant, material . . The surface.|ayer

can bo P ey aled BB b LT komprieng i Biis kit eead and a
mat er i bhsera domprBssIBNUTRE 8hblinsidlleded a jGanAl Skdrinés fhpelier
hub and |rr§el | er spacer pair also acts as a radial

bear i ndia@RE Wi rargr Bistalledr paclhe. shafb adwmusing holdpdiffusers,
punp f GRABKIESpaLeR) fé’iﬁé?é‘lﬁetdr HEtweRR ﬁﬁﬁl’eﬁ%’tﬁe@ 2h8"difusers
el ectrical subnersible punp fromnonobl ock Cetamc

st agesan®impglecs aiemanufastured éont a catarsichmatesiabl e punp
conprising a housing with a head and a base, a
conpression nut, a shaft installed on a journal

beard.nfhe ipupgd berin daingas wikdrein metatispakald 8f placklSetween
shaft i%HhOUSI g holds diffusers, wherein spacers are

i nst al PEYSES: iPnihe) lepaths of gPacen hetivaamy the diffusen contact
I npel | §krfacd f ic material. 2.

The. pusTacR s B O ol R e 2 o s o

pl aced between diffusers, wherein the [ ength of

spacer t e. di ff.us contact, surfaces is equal .
to ﬁieﬂi?%peéﬁﬁ@rggpg'ce 5'm%t H"%eﬁ‘?mTH? pc[lﬁ‘bse:{s "?eﬁ‘a]cl%gﬁ'ﬁ‘?’ is
2, Whecaistruttee! i fdrasef ansibele SR BT akidl dReBEIH il Stbxible in
in forqr)n%n(%{i a sleeve rigid in axial direction and

flexib - bending. 4. The punp as in any one of the
previous clainms, wherein the inpeller

4. The pump as in any one of the previous claims, wherein the impeller
metal spacer has protrusions at one side, the ceramic impeller has

matching slots and one rounded axial slot through the inside diameter
“surface.

5. The pump of claim 4, wherein the impeller spacer protrusions are
flexible for torsion load.

6. The pump as in any one of the previous claims, wherein the impeller
metal spacer has an outside layer made from abrasion resistant
material. |

7. The pump of claim 1, wherein an elastomer compound in a form of a

rectangular or O-ring is placed into a groove on the ceramic diffuser
outside surface.



net al- spacer has protrusions at one side, the ceramc

i npeller has matching slots and one rounded axi a

sl ot through the inside dianmeter surface. 5. The punp

of claim4, wherein the inpeller spacer protrusions

are flexible for torsion load, 6. The punp as in any

one of the previous clains, mhé?eln the inpeller

net al spacer has an out si de | ayer made from abrasion

resi 8t ahe pui 8 iiklany Bﬂe—r&ﬁh@ LHFBII?US Elafth) \&heﬁ@?}?é Ef%)ﬁbr of soft
an el astoner conmpound in a formo rectan

O ri ngCPAPpHRE &P'Bﬁ@@)bawgﬁﬁkﬁlégmover@p@mgamrfaqésf f user
outsi de surface. 10 8. The punp as in any one of the
previous clains, wherein a |layer of soft conpound is

pl acd Thetpueem ast iageiaino 8 Wiapeihnigvefieetsstoer 118sed as the
punp as jin claim8, wherein polyneric elastoner is

used a§°¢ﬁ8mng? conmpound. 10. The punp as in any one

of the previous clains, wherein a sleeve with

essential rigidity in aX|aI direction is placed

bet Wik AN AR 8% Uk @nY ngcef tharmevun@s lcksinis awtieeeirs iansibave with

sl eeves@fan@ispRGiiE; I %%gk Si

pl aced e% weeng Eg shajfé‘iil dﬁ%k Eﬂs @“ﬁggﬁ’ %%;t g gﬁ@ser stack
and the head and a similar sleeve of essential axial rigidity of smaller
size is placed between the shaft nut and the impeller stack.



