1 PUW ARRANGEMENT W TH TWO PUWP UNI TS, SYSTEM USE AND METHOD. The
present invention relates to a punp arrangenent for punping fluids, a
system conpri sing such a punp arrangenent, the use of such a punp 5
arrangenent and a nethod for controlling such a punp arrangenent. THE
| NVENTI ON Punp arrangenents of today can be positive displacenent
punps such as gear punps, centrifugal punps and plunger or piston
punps. Known punp arrangenents have probl éms which are related to the
control of the flow of 10 punped fluids, to the supply of fluids at a
constant pressure with or without any fluid flow, to variations in
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fluids. The punp arFangemnen InventYon al'so provrdes a
continuous flow or a pulsed flow of said fluids. Suitably the punp
arrangement can be used to supply a EORIYVENTION pressure with or
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have any ot her suitabl e shape. The punping piston is |eak-tight
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punpl ng by providing a pump arrangement which comprises a first and a second pump
unit for pumping of fluids with a controlled pressure of said fluids. The pump
arrangement of the invention also provides a continuous flow or a pulsed flow
of said fluids. Suitably the pump arrangement can be used to supply a constant
20 pressure with or without any fluid flow and the pump arrangement can provide
a rapid starting procedure. A further benefit of the invention is to obtain a pump
arrangement with a safe and controllable pressure limitation.

Thus, the present invention relates to a pump arrangement for pumping fluids,
25 comprising at least a first and a second pump unit. Fluids may be defined as
gases, liquids, particles or mixtures thereof, which can be made to flow under
an applied shear stress. Each pump unit comprises a pumping cylinder and a
reciprocally movable pumping piston in said pumping cylinder. The cross-
section of the pumping piston can be substantially circular, elliptical,
30 rectangular or have any other suitable shape. The pumping piston is leak-tight
fitted in said pumping cylinder by means of a sealing or by any other known
means. The pumping piston delimits a pumping chamber in the pumping
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or nore punp ports for the fluids to be punped. The punp unit further

conpri ses g ,achuator connect ed to the punping pi stonhgffjg{r}zl)%rq??\éi{)6n7?%2

sai d punpi hg “piston. The actuator can be a |linear act

capabl e of producing a constant and well defined force 5 independent
of the position of piston and throughout the relevant | ength of the
stroke. The nentioned punp units may further conprise neans for
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alternatives atroke.ding to the present invention. Said deternining
means can conprise a transducer for determ ning the val ue dependent
on the position of the punping piston in the punping cylinder. As an
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utilize any knawsforresd s bug of trPBIOWINY &lterzdives i or&ontshebtionddf @fteratives
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motion of the punping piston and converts the angular displ ace
i nto anal og oP!StRMyiifathep®yMpingh aylingril s appalternative to position, the value

2910/ 076243P%@E€M/&P¥§g%o§ition can be the velocity of the pumping piston, the

20 acceleration of the pumping piston or any other parameter dependent on the
position of the pumping piston. The position of the pumping piston in the
pumping cylinder may also be determined by a transducer arranged to
determine a value dependent on the position of the driving piston in the driving
cylinder or on the position of the rod in relation to the driving- or pumping

25 cylinders. The transducer can be a linear encoder that encodes position and
converts the position into analog or digital position signals. Motion, velocity or
acceleration can be determined by change in position over time. The
transducer can utilize any known resistive, capacitive, inductive, eddy current,
magnetic, or optical means for position measurements or combinations thereof.

30 The position transducer may also be a rotary encoder or transducer coupled to
a rotating part that rotates in relation to the motion of the pumping piston and
converts the angular displacement into analog or digital position signals.



The punp arrangenment nmay conprise a first set of val ves connecting
the one or nore punp ports of each punp unit to at |east one source

|l i ne and i line for transporting the fluids t i
The punp 3?82%8&%%%& may 5 further conprise neans for ?ggﬁ?ﬁﬁgﬁgg?he
volume of the flow fromat |east one of sdid punp units of the fluids
to be punped based on the val ue dependent on the continuous position
of the punping piston in at |east one of the punp units. Thus the

flow of fluids to be punped through the delivery line nmay be
regul ated bas osition or novenent_of the llmpi n% piston in
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position of the punping pistons in several punp units can be conbine
in order to ré&ielRre beneegulayied ouieke andurersectly beorm shapesl i wperaiional

conbi ned beha\é@)ﬁ’&ifion@% tﬁ%g’g!‘ﬁ%ﬁé}@eﬁe”&-l ow based on the sum of the

val ues dependent on t fe conbi ned fl ow can be
controlled. The flow may al so be based on the difference of the

val ues dependent on the positiaon, or _ in any, other suitable way. 30
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to control the volume of the flow from said pump unit. The determined value
dependent on the position may also be a measurement of, a calculation of or a
conversion to the acceleration of a pumping piston in a pump unit, whereby the
20 means for regulating the flow of the fluids may be used to control the ramping

of the flow, increasing or decreasing the flow velocity from said pump unit.

Determined values dependent on the position of the pumping pistons in several
pump units can be combined in order to regulate the flow of the fluids to be

25 pumped on their combined behaviour. By regulating the flow based on the sum
of the values dependent on the position, the combined flow can be controlled.
The flow may also be based on the difference of the values dependent on the
position, or in any other suitable way.

30 The determined value dependent on the position can also be the actual position
of the pumping piston in @ pump unit. This can be utilized in order to detect
problems within the pump arrangement, such as leakage or cavitation, and the



4 means for regulating the flow of the fluids to be punped can be
arranged to halt the systemor adjust the driving paraneters of the

act uat or ji.n. order to avoid the problens or to [rect
vol unet ri ggg%\%}m nsanges in the behaviour of the punp g&?@ﬁﬂ@?@ﬁ?zz as
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par anet er1®?¥fimﬁ?'é$gﬁ1pttﬁn§ﬂfétr5&hpih @nhéfbging of the actuators in
order to adjust The forces supplied to the punping pistons. This can

be used to counteract any inbalance or variation between the punp

its. Th r al e ]
the val ues. depiadany? 8iaTg ReRoedH Bk oshsg ea ROl MtepR e praslie
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be a fluid power actuator conprising.a driving cylinder, a
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second set of valves for controlling the delivery of “drive

parameter representing said pressure, and to process said input parameter to

one or more output parameters for controlling the means for regulating the flow

20 of the fluids to be pumped. The output parameter may be used to control the

driving of the actuators in order to adjust the forces supplied to the pumping

pistons. This can be used to counteract any imbalance or variation between the

pump units. The measured pressure parameter can also be used together with

the values dependent on the position to detect problems within the pump

25 arrangement, such as leakage or cavitation.

The actuator may be a fluid power actuator comprising a driving cylinder, a
reciprocally movable driving piston in said driving cylinder, which is connected
to the pumping piston for moving the pumping piston. The driving piston divides
30 the driving cylinder into a first and a second driving chamber in communication
with a first and a second drive port for drive medium. The pump arrangement
may comprise a second set of valves for controlling the delivery of drive



WO 2010/ 076243PCT/ EP2009/ 067522 5 mediumto the driving chanbers of
the punp units. Suitable drive nedia may be fluids according to the
definiti 0%82 /3 or partial vacuum The fluid power actuator ¥

a pneumat i & wherein the drive medium conpri SEET@Pﬁﬂgglogt?@h
as air, or a hydr auI i c actuator, wherein ®he drive nedium conprises a
5 hydraulic fluid known in the art such as oil, water, synthetic
conpounds or m xtures thereof. One advantage of having pneunmatic

actuators is hieliurh he theugriomy dpaafiws ef mp@ﬂprml 8LegbIé [IriQE Geedia Pnay
mnimze the risk of deliveri n too hig gressure on the deliver

side of the pQRPIVEIS asrQEHBaLO Qeg@ﬁ%éb &, Prparkal\vasuean The flyidf sewer
val ves, but capualctimdeoald srpsaticCadoabt, Wéinythéfarﬁ/e%&uﬁ ddmorfdea

and/ or pressure of the drive mediuminto or out fromt
cor r espondi ngJ8s sveh apaitber 8 hydiselie eciviatprswhersin (e drive roadiumecqm@'csescﬁ

vent | ate ghepcqurasnandidgyfiih e CHATHEY Yo PRBNEAT Y LéhBG nds or

chanbers t0o a venting circult ive nedrum
medi um conpr i semtuaesgﬁﬁaredu@neaadmntagé hJEE reavinge pnedtnatic @atualiersvienthed the
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coil type, wherein a reciprocal novab el ectrical coil
surroundi ng orcorespandinge drive Qiﬂambﬂf$ ohbe ysgsendesas nof M@Jgﬁ%tcam be used to

el ectromagnet veﬂ_th%tleethg%\"r%g&gﬂaﬁlﬁ%grlgﬁ CHANBEr W§8§ﬁlg§gh%§r|glng (Chambers to

reci procal Iy novabl'e magne or’s atl onary
el ectrical conal venﬁﬁg'ﬁmuﬂrﬁfammef onive e@diumi idhe ldeivé lroediom tdrapfidesi algas,
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a

flow A proportion val ve can be suitable valve with a
30vari abl e cr §5%e giyrafam $aigfirsi eed Se@?”‘i‘/\ﬁjﬁ'\f? eharaberapl e f1 ow

resi stance. The neans for regulating the flow of the fluids to be

punped may cor_‘rl_*ﬂri se neans WO 2010/ 076243PCT/ EP2009/ 067522
e actuator may be an electromagnetic actuator comprising at least one

stationary part and one reciprocally movable part, said parts comprising at least
20 one coil and one magnet. The electromagnetic actuator may be of a voice coil
type, wherein a reciprocally movable electrical coil is surrounding or
surrounded by a stationary permanent magnet or electromagnet. The
electromagnetic actuator may comprise a reciprocally movable magnet
surrounding or surrounded by a stationary electrical coil.
25
The means for regulating the flow of the fluids to be pumped may comprise at
least one valve on the delivery line. This valve can be a proportional valve for
regulation of a continuous fluid flow or an on/off valve for pulse width
modulation of a fluid flow. A proportional valve can be any suitable valve with a
30 variable cross-sectional flow area, or with a variable flow resistance. The
means for regulating the flow of the fluids to be pumped may comprise means



6 for regulating the force applied to the punping pistons by the
correspondi ng actuators. The first set of valves may conprise two
check valveééconnecting each of the 5 first and the second

u units
to the soul@&"*M8*5nd two check val ves connecti ng eacﬁcﬁ@l’f‘ﬂg&ﬁf’?@st
and the second punp units to the delivery6line. The check valves are

arranged to permt a flow of fluids fromthe source line via the
punpi ng chanbers to the delivery line. The first set of valves may

conprise on/ ofdr r‘é?bkéﬁﬁg tth@tfordk CapgpMBd 16 the buintbitp isteid b 11es @oftesHINdiry
punmpi ng cycle of 10 the arrangenent in order to permt a flow of
fluids fromtREUSKEPCe |ine via the punping chambers to the delivery
line. The first set of valves nmay further conprise a valve connecting
t he punpi ng chanber to the source or delivery line via a punp port on
or close to tHeerfisstatslt ©F yalvgs mogyptemprise byx hhesk valvesyecennedting each léthe
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drive medi um wottedcingreash wf thePlrst and the $acost pdimprumits oltbakelvwerpting.HEne
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or drive nediumw. th a pressure P2 to the second .
TV ng. chanbEpeticralvdaR AREATaR e PefpR ATt IO Desdgtieaneiahe
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driving chanbers may” al ternati vel e connected to one or nore
pressure sour eBPVIga Coarabers feoithe deldratlineg Tinei first sebrof nalesnoay hieirther

ressure or 2 f LV j o] i ffer uni_t .
gnd/ or to the%aﬁj ﬁ géf %nyg(él% iC@pﬁ%&@ﬁ%&&%ﬂﬁ@pgt%gﬁl&%ﬁ#Eﬁﬁggg&?hér delivery
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various control _valves or comhinatjons therepf. punpi.ng pi ston
a5 o or oso. s StedBt Ly e SR a0a P09 g o B Br PR I afinder
cross-secgpgonal area AD. The cross-sectional area Ap of the punping

pi ston can suitably be smaller than the cross-sectional area AD of
the driving pil§€cifcong sed o velves MBCEPMPLBD 9AlYe$Fon controlling the delivery of

drive medium with a pressure P, to the first driving chambers of the pump units
and/or drive medium with a pressure P, to the second driving chambers of the
pump units. Drive medium with pressure P1 and P, may be supplied to the

20 pump units from a common pressure supply via at least one regulating unit.
The first and second driving chambers of the pump units may be connected to
individual pressure sources supplying drive media with pressures P4, P2, Ps3
and P4. The driving chambers may alternatively be connected to one or more
pressure sources via one or more regulating units, controlling the pressure or

25 flow of drive medium to the different pump units and/or to the different driving
chambers of the pump units. The regulating units can be pressure regulators,
proportional valves, various control valves or combinations thereof.

The pumping piston has a cross-sectional area Ap and the driving piston has a
30 cross-sectional area Ap. The cross-sectional area Ap of the pumping piston can
suitably be smaller than the cross-sectional area Ap of the driving piston



t hereby bringing about an increase of the pressure in the punping
chanber in relation to the pressure in the first driving chanber. The
fluid power actuator can conprise one or nore additional drivin
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cylinder into a first and a second driving chanber in comunication
wth a first and a second drive port for drive medium The driving
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iV ng oyl 1 nad oo st P b Sl 18ad St §2URG piston in
addi ti ]gnalZOdr is;aim_gd@iyd)ri;lmdfﬂ:vmg Oyfliadﬁlerlipfmakfngdué%bﬂgné)dri Mo 6f thEheriving
means for regulating the flow of the fluids to be punped . conpri se
5 comput er | £UR 7 dioe faRuH 0% dRTkes B0 2% PRk i TEST § HES uiIng
arrangement . TREMBRIRMURE | coR@sPORNIRG | putS LAM TAE RRoAl R d/dives further
receive an input paraneter represen mgasal d val ue dependent on the

position of tKeMREEs NGlvsssiobeontiolling therasiiMerycyl drivreimedivie tor eeddving
tsﬁiedrrisgggt f grarcﬁgg;&%g% {)ﬁgggﬁgmwgﬁv{rﬁ”m%%e@gr aneters for controlling
25
The connection means for connecting the driving piston in an additional driving
cylinder to the driving piston in the main driving cylinder may be arranged to
transfer a pushing force from the additional driving cylinder to the driving piston
in the main driving cylinder, while not transmitting a pulling force. This can be
30 arranged by providing mechanical contact between the driving pistons in the
driving cylinders. Thereby the main driving cylinder can be used to pump fluid

from the pumping chamber with a high precision, without having to move the



10 of the fluids to be punped by the punp arrangenent. The
conputeri zed control systemmay al so control the first and second set
of valves to open and close within predetermned tine intervals or at
predeternﬂﬂgaowﬂgﬁfions of the punping pistons in the Sgﬁg?ﬁawmnxn
cylinders, as determined by the neans for8determi ning a val ue
dependent on the position of the punping piston in the 15punping
cylinder. The punp arrangenent can be provided with a nozzle on the

delivery |inepuspird mewmalie tiedaaditicn ) @ridingi yRedereSingllf ®BAkedtdh means can
di spersing the fluid to be punped. The nozzl e can conprise one or
nore hol es at PEiEed befge ifignah g cylinglgrginshegrias efigsivingugydinders.
exiting the nozzle. An exanple of a nozzle that can be connected to
the punp arrangenment for the injection of a fluid in a continuous
chemcal r eacfrge rogans for degutdiing thei tow of theefluids o begrenped may comprise a

0800 36 o PPl gk PERNRY, sl SoRGEALES & ™! SO BhE pump

Al
. C !
accordi ng ?o FREPITVERT i OR' € pu gene conpri
| east two punmprrangéraeniwiieeaompeaeizeducuntrohsystemnani searrangedro regeive an

cyl i nder havin u ort, a reciprocal vabl e punpi hg piston, .a
@i ving oyti ndbet ERTRERT PO E G ebie BRPORRaRLRT e BN or e
reci procal 'y pompigepiidnvinn@euihing cide?] Bnd pfduéss%aid\@wga%%tena)
t he punping piston with the driving PI ston, and the punp 30
arrangenent cORPIOT SE¥EOYERU SAraMRIeEY TorsPRireling: theyapaes for segidetinanietflow
punp port $oof of i Rl bhs of RETheQ¥PRLYAR ddnfiB
and at Ieagt gne delc{é\/@ﬁéP%ﬁﬁe&é??ﬁ%&}g@éiaﬁn?gmge pur?pqg)d,pi{?ﬁiz(éguérgg%
arrangenent céygemsegy also control the first and second set of valves to open and close
within predetermined time intervals or at predetermined positions of the
pumping pistons in the pumping cylinders, as determined by the means for
determining a value dependent on the position of the pumping piston in the

15 pumping cylinder.

The pump arrangement can be provided with a nozzle on the delivery line, said
nozzle comprising a disperser element for dispersing the fluid to be pumped.
The nozzle can comprise one or more holes at the outlet end in order to
20 disperse the fluid exiting the nozzle. An example of a nozzle that can be
connected to the pump arrangement for the injection of a fluid in a continuous
chemical reactor or a flow module is further disclosed in WO 2007050013 A1,
other types of suitable nozzles are also possible according to the invention.

25 The pump arrangement may comprise at least two pump units, wherein each
pump unit comprises a pumping cylinder having a pump port, a reciprocally
movable pumping piston, a driving cylinder having two drive ports for drive
medium, and a reciprocally movable driving piston, wherein a rod is
interconnecting the pumping piston with the driving piston, and the pump

30 arrangement comprises further two or more check valves connecting the pump
ports of the at least two pump units to at least one source line and at least one
delivery line of the fluids to be pumped, the pump arrangement comprises



WD 2010/ 076243PCT/ EP2009/ 067522 9 further two or nore val ves
connecting the driving cylinders to at |east one drive nediun1source
and the punB arrangﬁgent conprises further flom/regulatlng:neans
regulatlng RPN of the flow fromat |east one of P§% aﬂﬂﬂWBsn
units of the fluids to be punped dependen® on the continuous position
of the 5punping piston in the punping cylinder. The present invention
relates also to a system conprising a punp arrangenent and a

conti nuous cherrealtwe eaeidre valved cohp¥étimadHé Qianngyﬁmdéré If@aﬂrélasw@ie/dnve
line of said pu arrangenent i s connected to a port

of
conti nuous ch8RAEHD SPOTGEeAPHIhe UM SlaRSRMERL ngﬂ@"%l fPﬁB?ryﬂq’W regyating
the punp arrapgemenby Wl%gﬁf@vbaﬁﬁle"\bﬁ e 2Hhe at st loheSaH %eﬁ@r@{/np

for injecting a fluid into | ow of another fluid. The nozz
conprise a di §pits séiheefleiferio beupurape@ dependant o) thg emtidueyepesitien Phéne

fluid to bg p m%&@&%n%ﬁﬂéjbtﬂnﬁma gmqéﬁ,n t he conti nuous chem cal

reactor or fl e nozz us be used to 15 produce

fine dispersions of mscible or non-mscible I|qU|ds t hat are

i nt roduced inHE a process flow.in the chem reactor or
TopreR

modul e. The di 1 R EO RIS 25i0eOt S ?’B CPFWé’SWQI%B“mH Heagees!

produce fine dhapreesitpasudichbmica reldiGr orTGoRUnBd @E ! @ReRiretHe ESNEE) line
conti nuously punp fluids to the nozzle or feed the nozzle in a pul'sed

mode. The punB! SSICSRHTREIANGBMENDIS ERNnestaric o & DeFaTiAU:Saemisa
llevel . Thegpr esendr bNMEH nedulR! %er@élﬁéﬁghﬁé’ of e ﬁ1[:Pfarr§n f may be

arrangenent or a systemconprising a pu arrange nt to t roduc
fluids into apwﬁedmmtbsadh@ziecaiatrlemltebleoforanjek:bw raocﬂuldetntorhree ;fbmpof

arrangenment a [ o] y.b
Feactor o a floNCma e MR N iR 2 Fakish e SRS Tor
reactors or flsprayingdot eﬂspnrelnglthel fhsid dtobipe VDIr20&Y a6 04 3f uidi cmlanSE in the
0950247-7. The _conbi nati on e pu arr epent and the, continu
chent cal |1 et EBRTIBUR G 8O P6 R TBUTEO0E The No2gls 945 tisda PR o
extractions, peRAlcatineNdispdfsivhsdf nédible drhoReRiseible3fyideHat ate introduced
processes, or conbinations thereof.
into a process flow in the chemical reactor or flow module. The disperser may
comprise one or more fine holes in order to produce fine dispersions of the
fluids. The pump arrangement could continuously pump fluids to the nozzle or
feed the nozzle in a pulsed mode. The pump is suitably controlled to maintain a

20 given pressure level.

The present invention also relates to the use of a pump arrangement or a
system comprising a pump arrangement to introduce fluids into a continuous
chemical reactor or a flow module. The pump arrangement according to the
25 invention may be used with a chemical reactor or a flow module. Examples of
suitable continuous chemical reactors or flow modules are disclosed by
WO 2007050013 A1 or SE 0950247-7. The combination of the pump
arrangement and the continuous chemical reactor or continuous flow module
can be used for reactions, extractions, separations, mixing, etc., to design

30 chemical processes, or combinations thereof.



WO 2010/ 076243PCT/ EP2009/ 067522 10 The present invention also rel ates
to a method for controlling the punp arrangenent of the present

i nvention._ The nmethod conprises the steps of; (i) filling the punping
chanbers WEORPLIRHES to be punped until each punpi ng ppg?/gﬁzqﬂ%(gsggzgs a
first position, 5(H) selecting a first pdfp unit and initiating
enptying of the correspondi ng punpi ng chanber by activating
respective actuator. The activation of respective actuator can as one

al terative beTdengrelnt weﬂdwmgo Fefités 8o N ol Nfor éBdtwﬁln@h&fS)%rump
in respective drive cylinder or i nt rodUC|r@§ha current in coil in

respective el 8EePepmgHfitee Qtﬁsﬁai 'Gf"enhﬂ'ﬂe Toe| PG ROBPrisGRethe; qt@qs afp
punp may be d n
2?.“ﬁ§r*ﬂet I éﬁﬁq RR&AbEith Qlu%s%eﬁ@g)ﬁwgeﬂﬁﬂ\rtr@ %Q?rﬂg)umplng

such as alter he punp units ever
met hod furtheplmph@saﬁ@j@@smng the steps of; (iii) selecting

anot her otk aj ti :
uni t has r acﬁgdéeég\%@ o%hﬁﬁpgltlpoﬁmp g tﬁtlpgtéﬂ%t?@ﬁp%é@ﬁeg c§§8%‘tg8§1dmg
E)ungn nlgI chanbegm:]ng mmnmmerbypwgpvaimgt reypextive v atiuagprt h‘éhacacta/tadomf of
iv) allow ng both . actuators to be acti urlngacertaln nount of
i e, L her eby RO G MO F20 1B SRpPIE2 IS BGoT MoJurshigGer Jdre
the fluids tonhginHnRes drieecchdd{ber ihnaspéotRel diel BRINABE BAtHY m%d&&lﬁg a
punp unit that reached said second position and initiating filling

the. cor r espon@HTENID ARG ERReELYe AIPEROMPENRLS 3eUEer JhmsaEalapiof st
punpi ng pi§t oR ARAREEBe BN rhhdothly BPSkEiNg to a predetermined scheme, such as

alternating between the pump units every other time.

The method further comprises repeating the steps of;
(iii) selecting another pump unit when the pumping piston of said activated
15 pump unit has reached a second position, and initiating emptying of the
pumping chamber of this other pump unit by activating the actuator,
(iv) allowing both actuators to be active during a certain amount of time,
thereby allowing any of the pumping pistons to move and deliver the fluids to
be pumped, and
20 (v) inactivating the actuator of the pump unit that reached said second position
and initiating filling of the corresponding pumping chamber with fluids to be
pumped until the pumping piston reaches said first position.

In the described way, one or more of the pumping pistons are always supplied

25 with a forward-acting pumping force. By allowing two pump units to be active
during a certain time period, without predetermining how the pumping pistons
of the two pumping units are moving during said time period, a substantially
pulseless pumping of the fluid is achieved.

30 The volume of the flow from at least one of said pump units of the pumped
fluids is regulated based on the value dependent on the continuous position of
the pumping piston in at least one of the pump units. In order to obtain a



In the described way, one or nore of the punping pistons are al ways
supplied 25 with a forward-acting punping force. By allow ng two punp
units to be active during a certain tinme period, wthout

pr edet er mi WPAY'AG%* he punpi ng pistons of the two punpiPRG/EEHOP/E678R2e
noving during said tinme period, a substartlially pul sel ess punpi ng of
the fluid is achieved. 30 The volunme of the flow fromat |east one of
said punp units of the punped fluids is regul ated based on the val ue
dependent on cBAstEANUHINHRUBOWOF VaReOdeidiRicht BRI the V%)s?&d?f‘of fhélbumping
| east one of the punp units. In order to obtain a -~
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punpi ng pi st othédygortdspondingesnenci.ng actuator. Further alternative

enbodi ments of the present invention are defined in the clainms. In
the follow ng various enbodi nents of the invention wll be expl ained

10i n nore det gighndt bernafis @ﬁ%d‘irﬁeﬁtb%fdﬂhewggém ihbentregtgsnimdcE id He

the purpose of illustrating the invention and are not intended to

limit its scof@MBRNERe fiowingyaigysEmirptinerVeINGS iFyantiontibhe exptnings
arrangemneny agfRpH Botall it rraR B AlingBerAd Y& Wit ¥ are for the purpose

of illustrating the invention and are not intended to limit its scope.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a pump arrangement according to one embodiment of the
invention.
15 Fig.2 shows a pump arrangement according to another embodiment of

the invention.
Fig. 3 shows a pump arrangement according to a further embodiment of
the invention.

Fig. 4 shows a pump arrangement according to yet another embodiment
20 of the invention.
Fig. 5 shows a pump arrangement according to yet another embodiment

of the invention.
Fig. 6 shows a flow chart of a method for controlling a pump arrangement
according to the invention.

25 DETAILED DESCRIPTION OF THE INVENTION

In the figures, double lines are used to illustrate pipes, tubes or lines for fluids,
and single lines are used to illustrate lines or wires for signals, such as control
signals and signals related to measured parameters. A pump arrangement for
pumping fluids comprising a first pump unit A and a second pump unit B is
30 shown in Fig. 1. In the following, index A or B is redundant since the numbers
include both where it is relevant. Fig. 1 shows that each of the pump units



15 Fig. 2shows a punp arrangenent according to another enbodi nent of
the invention. Fig. 3shows a punp arrangenent according to a further
enbodi nent_of the invention. Fig. 4shows a punp arrangenent according
to yet anoVRéP'&MBdti nent 20of the invention. Fig. 5shSGEER2(9Y(PR5522
arrangenent according to yet another enbd@ nent of the invention.

Fig. 6shows a flow chart of a nmethod for controlling a punp
arrangenent according to the invention. 25DETAI LED DESCRI PTI ON OF THE

| NVENTI ON I'n t:bﬁnphs@slé%mw lifdbt ﬂ@ﬁd%ﬁ@mﬂﬁ&@ll& ﬁwdvlab!ésﬁdr%ﬁs??msl&ﬁﬁz in

tubes or |lines for ui ds si ng ines are used to il rate
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LEIC![ gde bogh Wnﬁ\pmg chér%be? lﬁﬁ/aanétuator% is C nﬁ)wieé r}EEJ‘tth%aBumBTngt E‘%to%ur%r

moving said pumping piston in the pumping chamber. A linear displacement
transducer 6 is connected to the pumping piston and arranged to determine the
position of the pumping piston in the pumping cylinder.

10  Afirst set of valves, 7 and 8, connects the pump port 4 of each pump unit in the
pump arrangement shown in Fig. 1 to a source 9 and a delivery line 10 for fluid
to be pumped. The valves in the first set are arranged to permit a flow of fluids
from the source line 9 to the delivery line 10. The valves are check valves, see
further 7" and 8’ in Fig. 2-4, but can as an alternative be on/off valves that are

15 controlled to open and close during a pumping cycle of the arrangement in
order to permit a flow of fluids from the source line 9 to the delivery line 10 via
the pumping units.

The pump arrangement comprises means for regulating the flow of the fluids to

20 be pumped based on the value dependent on the position of the pumping
piston in at least one of the pump units. Fig. 1 shows a valve 11 on the delivery
side of the pumping line in the pump arrangement. The valve 11 is controlled
based on the position, velocity or acceleration of the pumping pistons in the
pump units. In one embodiment, the valve 11 is a proportional valve. In another

25 embodiment, the valve 11 is an on/off valve suitable for pulse-width modulation
of the fluid flow.

In the following description of Fig. 2-4, when reference is made to features on
one of the pump units in the pump arrangements, the same feature is

30 applicable to both pump units in the pump arrangements, analogous to A or B
in Fig. 1.



WD 2010/ 076243PCT/ EP2009/ 067522 12 conprises a punping cylinder 1 and
a reciprocally novabl e punping piston 2 in said punping cylinder. The
punpi ng piston delimts a punping chanber 3 in the punping cylinder,
sai d punpi‘hg2UH4HBEr being in comunication with a puggc F?%%mﬁﬁV
transportation of the fluids to be punped3in to and out fromthe 5
punpi ng chanber. An actuator 5 is connected to the punping piston,

for noving said punping piston in the punping chanber. A |inear
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Aor Bin Fig. 1. WD 2010/076243PCT/ EP2009/ 067522
piston 13 in said driving cylinder, said driving piston dividing the driving cylinder
into a first 14 and a second 15 driving chamber in communication with a first 16
and a second 17 drive port for drive medium. The fluid power actuators are
provided with a second set of valves, 18 and 19, for controlling the delivery of
20 drive medium to the first 14 and second 15 driving chambers of the pump units.
The valves are on/off valves, but can as an alternative be arranged to
continuously regulate the flow and/or pressure of the drive medium into or out
from the corresponding drive chambers. The pump arrangement shown in Fig.
3 further comprises a pressure source 21 connected to the second set of
25 valves of the pump units via regulating units 22 for regulating the pressure
and/or flow of drive medium to the pump units. The regulating units 22 can be
individually controlled and used to supply a different pressure of the drive
medium to each pump unit in order to account for different conditions such as
intrinsic variations in friction. The computer based control unit system 20 is in
30 the pump arrangement shown in Fig. 3 is further arranged to send and/or
receive signals to/from the valves 18 and 19, and the regulating units 22.



13 The punp arrangenent shown in Fig. 2 further conprises a conputer
based control system 20 arranged to receive val ues dependent on the

position of the g)u ing pistons in the punping cylinders in formo
anal og or WP&PWQ 62%& tion signals fromthe displ acenehf W%ﬂfl%‘ﬂwrs

of the punp units, and arranged to 5 send4correspondi ng control
signals to said neans for regulating the flow of the fluids to be
punped. The punp arrangenent further conprises a pressure sensor 25
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inets ™ Tha. 1 oRAVaGE M M58 chaPBecahbs PREIN%y cont ol 1 od and
used to sygply a different pressure of the drive nediumto each punp
unit in order _to account for different conditions such as intrinsic
vari ations i n heicomrstier basedcongat enit sdern 290RAthe PUliRi arrangement shows in
in 30 the pu r sfyo . { r
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in the pump units. As an alternative to the regulation of drive medium shown in
Fig. 3 and 4, drive medium can be delivered to the fluid power actuators directly
from a pressure source or via a common regulating unit, such as a pressure
25 regulator. As a further alternative, drive medium can be delivered to the valves
18 and 19 in connection with the fluid power actuators from separate,
individually controllable pressure sources, or from a common pressure source

via a set of regulating units, each connected to a single valve 18 or 19.

30 Fig. 5 shows a pump arrangement where the actuators comprise an additional
pair of driving cylinders 26 connected to the main driving cylinders 12. Each

additional driving cylinder comprises a reciprocally movable driving piston 27



5 and/or flow of drive mediumto the different driving chanbers of
the punp units. The regulating unit 23 is arranged to deliver drive
mediumto the first driving chanbers 14 and the regulating unit 24 is
arranged 0 HBPPEE drive mediumto the second drivi ngPET(gwg?j%M% of
the punp units. The regulating units 23 dhd 24 can be used to supply
a different pressure of the drive nediumto the first 10 drive
chanbers and to the second drive chanbers of the punp units in order
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drive medium shown in Fig. drive nmedium can be delivered to

3 and 4, di um _
the fluid pomé‘?n%ﬁ%%ftodm dﬁ'M”Qd’c'S’ftWﬂ?’(ﬂfnﬂéﬁ mREsdriving eWinfdee or via a
common reggllating unit, such as a pressure 25 regulator. As a further
alternative, drive nmedium can be delivered to the valves 18 and 19 in
connecti on wi Whenhibefdumping oisten ata pater wif inaEnysefjag.at-8,is mayeditdgkvand
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oyl i nders 15 SRR (i PUER Gne g RyEne: it psel B0 the pup
reci procaisy aRaabeE ItheWaNEPT Hndng Are YRoff valves, the valve 8 is open and the
2010/ 076243PCT/ EP2009/ 067522 15 di vi di nght he addi tional driving

cyl i nder i nt ovValvei’rigtclongd ghying t5edbing of dheicorresRPNEignpI&nPing chamber. The
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the driving phedfiRdsy Sy bhe filRg Rtrdké v Mg furhpiRgBlstonsd Wien t he

punpi ng piston of a punp unit in any of Fig. 1-5 is noved backward

during filling of the punping chanber, i.e. the punping piston is
noved in the ¢ i : d i : e
Donp g chan WG e rRing piStO b & Hh YAt Wodpd FrRafPHOARPBARL o
val ve 8 0258’ thenpumping gharpbherg i.¢5thehpubping pistonhe mavedein theadicecBoarat a
on/ of f val ves val v i en_and the valve. 7 i,s closed. durin
The tin ) g opebiagsiig Yaule, & AR BorBinanbick Rutifin htarfndty Fid I plifhes
of the punpi ngoghmanﬁmspidglphmbéh&raﬁgﬁmew}a_!wehhser]i:‘xtottEe delivgry line. If the
arrangenent 1S on Vi n t he u In 1 st.on (0] t he u Its
backward and VBVERTANthS 265 BRI \GYasi i€ Valle B is 1S3l AR 5E YRkenb ssopen
are filled 20qansy tHecerRpiyRIgNS tié éé@é@poﬁamgaé%napiﬁ@; chhmBesi tion, said

first position indicating a full, or alnost full, punping chanber. As
an alternd®ive, the punping chanmbers are filled by only one filling

stroke of thepgpaR o Rhiti@tbrising a fluid power actuator, as shown in Fig. 3 and 4,
the pumping piston is moved forward by supplying a drive medium to the first



When the punping piston of a punp unit is noved forward during

enptying of 25 the punping chanmber, i.e. the punping piston is noved

in the direction of a decreasing volune of the correspondi n b

chanber, Pyﬁﬁﬁ'mgzﬁhshed fromthe punping chanber throﬁﬁﬂm?ﬂ@/WQBVe 7

or 7' into the delivery line. If the valvés 7 and 8 are on/off

val ves, the valve 8 is closed and the valve 7 is open during the
enptyi ng of the correspondi ng punpi ng chanber. 30 WO

2010/ 076243PCEHfﬁé’%ﬂQ%@ﬁ?l&Zand@edfmg'eh@fs@ﬁb@d dll(’fea(ﬂﬁnmtwwmé@umpmg
second drive chanber 15. The p rzgl ng piston i s noved backward

Supplyi NG 5 PR FeioNig (FCkHANL BE dHap iV EHADETILTS s esdngive
he frst Orl ¥Rafbabebnd fen i iohodrflmodbingPRri ol ng an

el ectromagneti c actuator t nping piston is noved forward and
backward by supplying currents of opposite directions through the

control 11 ng ¢ 8t B hERRO 28 Bl Al doilbuat IR, ALFPGR Bigton s

t he i nventi onmolked imrwanelsantﬁ avackedmtd dlyl sngplying quIrgntsarof eopgesiatdirections
conprises the follown ) Filling the punping chanbers of
the punp uni tngfﬂmw\el‘%l" %ﬁ)%agaa [lmped by noving the punping pi stons
backward until each punping piston has reached 15said first position,

H) Selecting a first punp unit and |n|t|at|n€ enptyi ng of the
cor r espondi ng Fgurfo PRV RaliYEinasl Olalbe; FaEeSfy Ot pRNIERNNGat6r PTIP Siaggement

first pumpounibedingPR! ¥néa tQFn‘é‘ﬁ\ﬁé Of thE iRIEFRLRITRE Hrotksk Yok BEntGiMR

direction. As one alternative
pump arrangement comprises the following steps:

i) Filling the pumping chambers of the pump units with fluids to be pumped by
moving the pumping pistons backward until each pumping piston has reached
15  said first position,

i) Selecting a first pump unit and initiating emptying of the corresponding
pumping chamber by activating the actuator of said first pump unit to apply a
force to the pumping piston in the forward direction. As one alternative, the

20 selection of the first pump is random. As another alternative, the selection of
the first pump can be done according to a predetermined scheme, such as
alternating every other time between the pump units.

The following steps iii-v are repeated during pumping:
25
i) When the pumping piston of said activated pump unit has reached a second
position, selecting the other pump unit (or another pump unit if the number of
pump units is more than two) and initiating emptying of the corresponding
pumping chamber by activating the actuator of said other pump unit to apply a
30 force to the pumping piston in the forward direction. The second position can
be set to indicate that the pumping chamber of the pump unit is about to
become empty.



20 selection of the first punp is random As another alternative, the
selection of the first punp can be done according to a predeterm ned
schene, such _as alternating every other tinme between the Pu uni
The fol | oWHg" &P iii-v are repeated during punping: P%EWWWWM

t he punping piston of said activated pung7unit has reached a second
position, selecting the other punp unit (or another punp unit if the
nunber of punp units is nore than two) and initiating enptying of the
correspondi ng punpi ng chanber by activating the actuator of said

ot her punp unlt to apply a 30 force to the p g piston in the
forward directV cQP”ngh% C§€é'6rﬂﬂn?)8§f'@¢ dﬁttk‘ﬂgﬁhﬁé‘ng@m"ﬁcpﬂw BHM® Yniigtto be
the punping ch fa i
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t1 e during. sal t|

umi n |ston|s noVi ertain

et 0d° i ch S iMMRgsps seeC PE MRy <Rodkions it S s diles.cisieh a5 ¢
condi tions i nfidiien W@Bcwﬂuh@mg%@ﬂ@naﬁ rédpeclive ﬁhmmgoéyliﬁ@@r’%rml\m}la‘%ns in
plstonln res ectlvepnp g cylinder and variations’in

resi stance wi ﬂWrﬁe@ﬁ‘@nB@lM’ﬂihtﬁ‘rtf‘ﬁrﬁ)@@wﬁngﬁmeﬂi) After sai d t| me
period, iRpgctivating the punp unit that reached said second position
and engagi ng the corresponding actuator in filling the punping

chanber with ) Aftar saidding peried, Ibyctmngghsa)umppurmptha(g rgachtedrsaid second

backward unti bogl |0|}\]a§nc{ eean(f;%g\gs?ﬁed c]:co'rlre%boﬁé) ﬁbt Oator 1?% ﬁ‘ﬁﬁ‘é N{ﬁe pumping
chamber with fluid to be pumped by moving said pumping piston backward until
it has reached said first position.



1. A punp arrangenent for punping fluids, conprising at |least a first
and a second punp unit, each punp unit conprising a punping cylinder,
a reciprocally movabl e punping piston in s&d punping cylinder, said
punpi ng piston delimting a punping chanber in the punping cylinder,
sai d punpi ng chanber being in conmunication with one or nore punp
ports for the fluids to be punped, an actuator connected to the
punpi ng piston, for noving said punpi ngqighes. and nmeans for

determ ning a val ue dependent on the continuous position of the

i iston kn t ‘ ‘ ai ra f.urther
Compr 1 Seb o 1rdi dopuR Bt laghebtith ouniahg BRI Bl RRBER Tty S e oo
of each punp unit tosetoricepsinpantt, savh gaintp oeit 3othpaistie) i very line for

transporting the fluids to be punped, wherein the punp arrangenent
conprises means ford PeGRING $HHdERe vol ume of the flow from at | east

dependent on'the conieee paaMRET e PR AMERIN saEFipfihd gt SBio

| east one of the pyumpingtpistonnilintitiged puseiiog BRaMDer 0F tHee@uhpingn®)linder,
the flow of the fluids to be g"?%ﬁed conprises nmeans for regulating

the force applied t58'%GPPHIREI Bebbeing in gemeayniealihwithPreceruaets pump
2. The punp arrang toR IAHE % Bgéﬂn@g({q,l, wherei n the actuat or
roca

conprises a driving cylinder, a recl y novabl e driving piston
in said driving cylanraduatosabdnectieditoghe patpinglplstah, figr inbeindr said pamping
cylinder into a first and second driving chanmber in communication
with a first and apésé‘e%’n%f“ﬁrive port for drive medium said driving

pi st on being Conne%@éiqstfé_rHQFerHHHﬂ%'g@\ﬁ%héto%BePd%gﬁ éﬁl'tl%f E’muous&qsljtir%n of

arrangenent further conprises a sécond set o ves for contr
the delivery of drihepuegingwpiston inghdrdunmpiggclylimdier s of the punp
units. said pump arrangement further comprises

a first set of valves connecting the one or more pump ports of each
pump unit to at least one source line and a delivery line for transporting
the fluids to be pumped,

wherein the pump arrangement comprises means for regulating the
volume of the flow from at least one of said pump units of the fluids to
be pumped based on the value dependent on the continuous position of
the pumping piston in at least one of the pump units, and wherein said
means for regulating the flow of the fluids to be pumped comprises
means for regulating the force applied to a pumping piston by the

corresponding actuator.

2. The pump arrangement according to claim 1, wherein the actuator
comprises a driving cylinder,
a reciprocally movable driving piston in said driving cylinder, said
driving piston dividing the driving cylinder into a first and a second
driving chamber in communication with a first and a second drive port
for drive medium, said driving piston being connected to the pumping

piston,



3. The pump arrangenent according to any one of the preceding clains,
wherein the val ue dependent on the position of the punping piston is
related to the sumof tinme derivatives of the positions of the

punpi ng pistons in the punp units. 4. The punp arrangenent accordi ng
to any one of the preceding clains, wherein said neans for regul ating
the flow of the fluids to be punped conprises at | east one val ve on
the delivery line. 5. The punp arrangenent according to claim 4,
wherein sai d asaitlgasip amangaieat AntHdreodfirisegry |ine conprises a
proportional valve. 6. The punp arrangenent according to claim4,
wherein sai d af SPEYY selff \plyaseiosgontielline the delvery o deivepnediam @nthe

on/of f valve fq{vimyLs i i 7. The punp arrangenent
according to any r;qe %p%ﬁ%&pﬂﬁgg%udﬁéé’%gﬁai ns, wherein said first set
of valves conprises two check val ves connecting each of the first and

t he second3purﬁﬂ_‘ units to the source line and two check val ves
connect i ng“each OPUTRETANIAM R RAACREiBE o ATY pusfine psetading elaims,

del [ very i newndifin (HB3MUBEALEANACIER: AGGRIABto Chabml, o

wherein said check valves are"arranged

from the sour ¢elatéchto thiessurhef tinrend ey tivese e pesitites 8elHeY rr}ipﬂnip”e-
9. The punp ar rﬁ?&gement according to any one of the precedi ng clai ns,

wherein the dPIVSTHEUNGRYBRAMIEes pressurized gas. 10. The punp
arrangenment according to claim2, wherein said second set of valyes
.conprises valves for controlling the delivery of drive mediumwth a

pressure (4i) The numep dimasyedrent aogorciayeessy ofie bhthePpRR el Mg §aig451-

The punp arrapgenent accor di to claim 10, wherein said sécond set
of val ves con%'ﬁeéeég %&cm@é”ﬁg& E‘“&hﬁﬁ'tﬁ]g thedflovhef thel fiuids {o be pampes

medi um wi t h ac@h?ﬁi%'é 8t 34} oh& vhliR &?W@el%ewgm@. chambers of the

punp units. 12. e punp arrangenent accor to claim1l, wherein
drive mediumw th pressure (P1) and (P2) is supplied to the punp

units froma sure s |y ,via at |east one pressure
regul at or rg ?Rg%%p%r?gngemenyggcglrdmg o0 claim 4, wherein Fs)aid at least one

valve on the delivery line comprises a proportional valve.

6. The pump arrangement according to claim 4, wherein said at least one

valve on the delivery line comprises an on/off valve for pulse width
modulation.

7. The pump arrangement according to any one of the preceding claims,
wherein said first set of valves comprises two check valves connecting
each of the first and the second pump units to the source line and two

check valves connecting each of the first and the second pump units to
the delivery line.



13. The punp arrangenent according to claim2, wherein the punping
pi ston has a cross-sectional area (Ap) and the driving piston has a
cross-sectional area (AD) and wherein the gPea (Ap) is smaller than
the area (AD). 14. The punp arrangenent according to claim2, wherein
t he actuator conprises one or nore additional driving cylinders, each

addi tional drivitg dykipuep acemgensdiiGedofdatd & 88/h 7YWRABNARSSi AL Ak
pi ston dividing said additional driving cylinder into a first ancfa a
second driving chand@Vesare arangegdeiremitia fiow of fluists faord the seummedine via

drive port for driv i i iL\i i.ston. in said additional
driving cylinder beﬁ%sg@%ﬁegc@g%ﬂgg&zt\é tﬁg d%h\r‘ﬁ‘fé(gﬁeon means to the
driving piston in the driving cylinder or to the driving piston in

the driving cylindei of another additional driving cylinder, said
second set of valveshe RUHeATapapmiest sceairingstofasty @uhof thid pregeding claims,

delivery of drive L [ Vi mbers of the, additional
driving cylinders. Wgé%gﬁ%ﬁﬂge gﬁ%ﬁ%@%@éﬁﬁ'?&@?ﬁ?%@z@og%%y one of
the preceding clains, wherein said neans for regulating the flow of

the fluids to bg p ed conprises, a conputerized control system
connected to thdOvalN@BUMP ekangrmpnbaceaigiaadn claime?, Wherepuspid second set

t di i | aj wher ei n t
Gl oyl e’ oy o fosBmBfige Yol B (B i RRNIR Betldlan/ Qe gum
to claim 16, whereiwith herassurkedPspphieshst @i\ﬁhgi@ﬁém‘bér@bﬁmérﬁum%ﬁmité
e

system conprising the punp arrangenent according to any one of
preceding clainms and a continuous chem cal reactor or a continuous

f1ow modul e, whet eithd hemBedaifiomentiedlaing s cRIPIALIRNGETENG 1S

connected to a port of the continuous chem
continuous flow nodelcend set oAvalses cbriphisepvalvesforoGeE g &@Qél@lﬁe"r‘?of
o

to any one of the (r:ql{ai ns % 1735 t he Sﬁ{st&nsaccor ding to claim18
i ntroduce fluids int¢cd "GO WIBRAPETEHSCET) feHa trcaid divieaehambess of
fl ow nodul'e. 20. Atmebbawh f controlling the punp arrangenent

b Qifs.

according to any one of the clains 1-17or the system according to
claim18, said

12. The pump arrangement according to claim 11, wherein drive
medium with pressure (P1) and (P,) is supplied to the pump units from a

common pressure supply via at least one pressure regulator.

13. The pump arrangement according to claim 2, wherein the pumping
piston has a cross-sectional area (Ap) and the driving piston has a

cross-sectional area (Ap) and wherein the area (Ap) is smaller than the
area (Ap).

14. The pump arrangement according to claim 2, wherein the actuator
comprises one or more additional driving cylinders, each additional
driving cylinder comprising a reciprocally movable driving piston
dividing said additional driving cylinder into a first and a second driving
chamber in communication with a first and a second drive port for drive

medium,

said driving piston in said additional driving cylinder being connectable



nmet hod conprising the steps of i) filling the punping chanbers wth
fluids to be punped until each 22 punpi ngzii ston has reached a first
position, i) selecting a first punp unit<and initiating enptying of
t he correspondi ng punpi ng chanber by activating respective actuator,
further repeating the steps of iii) when the punping piston of said
activated punp unit bpasnneciidresheans ¢c tmel drivisgtpiston is ehedtiving cyheddesr to

punp unit and initigting.enptyin f respective punping chanber by
activating respecti &L‘e %@{‘%rrgb%?n th t?\?)dra\ﬂm%wlﬁgﬂe@&fwnameread@@rta&dawng
active during a certaifdefHA [ | r 1.Qi t he
punpi ng pi stons of tﬁe te \ao pur%r%?élrg‘yCE 5%??@%‘?%4#6@%9%85@@%3 \}sgg[leg%lr
anount of tine, thecaiiyoléid the dejiveny obirivd engaliumito gh dsitiPascHaM BB ®F the

and deliver the flui .t o be. punped, v) inactivating the actuator
of the punp unit th%‘g‘ip%%ﬁgﬁgj%n‘?ﬁ'”g@%nd position and initiating
filling of the correspondi ng punping chanber with fluids to be punped

until the punping piston has reached said first position. 21. The

met hod accor di nd5cl Bherpamp avinamgsment@coondingeo einytdre 6f e greesdiag claims,
| east one of said pu units of thF punged, fluids is regu[at ed based
on the val ue depend®itredhsRiHdneans [F5u6a4lapgitee SawAT thadujsismisi hgypumped

piston in at |east &ﬂﬁpﬂgesté‘%oﬁ\;ﬁb%ﬁ’z@dtc}r}tﬁ%a@ﬁw Hgﬁ#@(ﬁg@gﬁ%es{/é.\geé%

claim 21, wherein the flow of the punpe S 1S regu
adj usting the forcdhappimpdrraogamentast one punpi ng pi ston by the
correspondi ng act uator.

16. The pump arrangement according to any one of the preceding claims,

wherein the delivery line comprises a nozzle.

17. The pump arrangement according to claim 16, wherein the nozzle

comprises a disperser element.

18. A system comprising the pump arrangement according to any one of
the preceding claims and a continuous chemical reactor or a continuous
flow module, wherein the delivery line of said pump arrangement is
connected to a port of the continuous chemical reactor or of the

continuous flow module.

19. A use of the pump arrangement according to any one of the claims 1-

17 or the system according to claim 18 to introduce fluids into
a continuous chemical reactor or a continuous flow module.

20. A method for controlling the pump arrangement according to any one of
the claims 1-17or the system according to claim 18, said
method comprising the steps of

i) filling the pumping chambers with fluids to be pumped until each



21.

22.

22

pumping piston has reached a first position,

ii) selecting a first pump unit and initiating emptying of the
corresponding pumping chamber by activating respective actuator,
further repeating the steps of

iif) when the pumping piston of said activated pump unit has reached a
second position, selecting another pump unit and initiating emptying of
respective pumping chamber by activating respective actuator,

iv) allowing both actuators to be active during a certain amount of time
without predetermining how the pumping pistons of the two pumpfng
units are moving during said amount of time, thereby allowing any of
the pumping pistons to move and deliver the fluids to be pumped,

v) inactivating the actuator of the pump unit that reached said second
position and initiating filling of the corresponding pumping chamber with
fluids to be pumped until the pumping piston has reached said first

position.

The method according claim 20, wherein the volume of the
flow from at least one of said pump units of the pumped fluids is |
regulated based on the value dependent on the continuous position of

the pumping piston in at least one of the pump units.

The method according to claim 21, wherein the flow of the
pumped fluids is regulated by adjusting the force applied to at least one

pumping piston by the corresponding actuator.



