A cl anpi ng device for flow nodul e plates, reactor
pl ates or heat exchanger plates The present invention

wo edoaesi4t 0 a cl anpi ng device, a nethod for opeoi/eE20aTI01042
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constructlon within limts over the whole tenperature
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parts in the nodul e or reaBaskdreuwedher probl em when
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plates et anot’her advantage is t

Stddrfsmﬁﬁloﬂf witlsinefighits adveergdhe Wdrsle | Mpemrenrange without
flow nodul e or the plate reactor. A further
causing leakage or damage on any of the parts in the module or reactor.

Another problem when working with plates is to distribute contact
pressure as equal as possible over the plates to prevent unevenness and

thus leakage or damaging any of the stacked plates.

The invention

Accordingly, the present invention has provided a solution to this by
placing the stack of plates on a grid of springs, a so-called Winkler bed,
which is placed between two end plates. By this solution can the tension
rods be kept tensioned within acceptable limits. Another advantage is that
the clamping forces get evenly distributed over the whole plate area of
the stacked platesk instead of being localised along the edges of the
plates. Yet another advantage is that the bending stiffness of the end
plate gets less important in the flow module or the plate reactor. A further

advantage is that by measuring the compression of the springs it is
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advantage is that by neasuring the conpression of the
springs it ispossible to nonitor and control the

W@ b@spsdag? f orces. Anot her advantage i s that theCT/SE10@7/001042
can be indirect neasured by neasuring the deflection
of each spring. A further advantage is that by
selecting a spring rate, which is significantly | ower
than the stiffness of the surrounding structure, the
cl popsible toheenitbrsand Rehit@l thé Idlampifd fortdlsl Another advantage is
i ndependently of the load distribution on the
suthajuinéi faycet canthe dhdiceah omeairedAbyt ineasadngntrag eleflection of
is that if is possible to have different forces in
ea@ﬁcsﬁmqﬂgdf desired. To nmake the flow nodule or the
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f upctf f hNnek | t L. FSPr LN t ; ;
u 1] UERSR ANSnERIE N B, By SlGiRg ISP e, which is
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o et is PRS<sMle, (81164 Liffot B el B @R Spliflp i gesired.
| eakage wi Il occur but the spring force should not be
bi gger than force F2 to not risk permanent

deformations. F1 and F2 correspond to spring | engths
L1Taraake thedigpw saoduleyor theireacter seats wark Byopeilygthe clamping
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exanpl e be manufacturing tolerances on flatness and

t hiletimed 9s spridgf length iab rmaxirngimabimpression.f Bhe amazimum force

assenbl y,, ar di nensi onal changes due to thermal. )
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R LB BAG e i PR Y S GTRL BB e spring

SPfare8 F,2hhiéh 'ddeshdttisto Ly, has to be larger than force F; to make
sure that no leakage will occur but the spring force should not be bigger
than force F; to not risk permanent deformations. F; and F, correspond to
spring lengths L and L, respectively, and L, < L, < L,. By using springs
or piles of springs, with an adequate force compression curve, a sufficient
working range L, to L; can be achieved. The range L, to L, must be
bigger than other geometric discrepancies from manufacturing, assembly
and operation. Such discrepancies can for example be manufacturing
tolerances on flatness and thickness, or deformations originating from
forces at assembly, or dimensional changes due to thermal expansion or
material creep at operation.



supporting elenment to distribute clanping forces on

one or nore flow nodule plates, one or nore reactor
w@b@Bmeq44DNe or nore heat exchanger pl ates, orPCT/SE2007/001042

conmbi nations thereof, which plates are placed between

the two end plates. The tension rods together with the

end plates are formng a frane for the reactor plates

or the flow nodul e plates. The spring arrangenent,
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alternative of the invention, is distributing t
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egrat ed e
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grooves, elenments wth cut through area or cut through

chizsams for theoegictoreplates oalthe T modulerplates. es,
i nsul ating plates, conbinations of plates eit her
i nt egr at ed or separate Two or nore tension rods may
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maplathes mﬁmﬁcb\wynodulg/ osiofl 2oplad@ raactmt Ehecfdaqmrm:)dglemr the plate
the arrang nt. The tension rod

be tightene
GhBIUGRS BPRSEICINGTe dRYers OLpIRIeS §i OE tgeﬁgThe plates
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pr gl‘a?éé rae. Whetdin ﬁﬁ@tﬂlétesTBQnﬁﬁ%ﬁhé’@ﬁeﬂ eél@h’ﬂer‘i@yor integrated

respond to one plate, two plates up to any desired

Ieelgalhenfﬁhevntlvcﬂdvarchmgelb rRgliieecleatemty eplabys with depressions,
conblnlng one or nore of the predefined I ength tension

r ogRanmels prxg@q%mlareems N\@ﬁstcuaemrﬁusb argacrhedy through
of one Iat gafl n total ,thickness

pl glg%lgn ﬁCC $0a e T e P E%tﬁst h'é‘sullat'ng plates,
t e8SHdinARSISs B? plReEMierliAfdttated or separate.

Two or more tension rods may be arranged along the circumferential of
the plates. The tension rods may be screwed or tightened together to
compress the springs to length L,, which is Ly > Ly, and Ly < L. The
tightening of the arrangement may be manually or by aid of an actuator
depending on the arrangement. The tension rods may be tightened
synchronous or consecutively in small steps according to a tightening
'scheme. The tension rods may have fixed length or may have modular
length to set several predefined fixed lengths. The predefined length may
correspond to one plate, two plates up to any desired length. The
modular length may be achieved by combining one or more of the

predefined length tension rods. The fixed length is at least defining a
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or roller screws. The spring arrangenent, i.e. a grid
of spring piles, can suitably be integrated in an end
w@b@Bmee4The springs may be arranged into hol esPCTISE30@7/001042

end plate or arranged to the end pl ates by pistons

goi ng through the end plate. The springs may be any

type of suitable springs. One type of springs suitable

is a pile of disc springs, in which the pile of discs

| sttickeee oft @reeqane dMeldivihg fﬁ)tQPrtﬂRiI@le%@r df9several plates.

force Fx. The present inventi on rel ates al so

mefodrding topamothgr @lterhativagnay theftlenvsammbd& ber meichanic jacks
plate reactor conprising the follow ng steps: step (i)

co%F @ﬁﬁ!{eﬁﬁ arrangenent of springs to a length Lx >

Lmn ; step (ii) placing a stack of one or nore flow

nodul e pl ates, one or nore reactor plates, one or nore

h I Of aC t ;
e prOSRaigen: o ooy b Sfe R, bEsHSitably be

pl mtegratedpn(an ehdtplate.eThegprings r1zsi be a @@tﬂnto holes in the
connectlng the two endplates, to a length A defined as

: h@nddt ate peageanasst ifdhe enel Qhadepum Ql§t©n%@@ﬂmgéhlrd:qgh the end
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r earhnyedoondcedse ﬂie%mdst)faobaﬁamg sﬁorﬁig-?\fd?céfF one or
nore flow nodul e pl ates, one or nore reactor p’i ates,

one or nore heat exchanger plates or conbi nations

spf R gyesant Tiventerpielpiss SBap fimetibiasanpRna-or closing of a
(i fionERte o SR8 d1ER thador BEbRhoCE lipwiia Steps: step ()
Areomplesane TaRbeelof SR 19 £ 36hh 12063 step (0

arplacyerenstantk ohenepoi nyere flow meiduld plates, dhmg drqnore reactor
both alternatives nay al so conprise a step (V)
whplates e fien arx maye r e¥changerdiatas.i Ag gdsmbinations thereof

Co@éﬁ/\?éer? the pcfo'rﬂgres%r Caearrangement of springs and an end plate; step
(iii) tightening the tension rods and connecting the two endplates, to a
length A defined as the total length between two end plates predefined by
the length of the tension rods; and step (iv) releasing the compression of
the arrangement of the springs.

An alternative method of the invention for opening or closing of a flow
module or of a plate reactor comprises step (i) placing a stack of one or
more flow module blates, one or more reactor plates, one or more heat
exchanger plates, or combinations thereof between the non-compressed
arrangement -of springs and an end plate; step (ii) compressing an
arrangement of springs to a length L, > L,; step (iii) placing distance

blocks between one end plate and a distribution plate in a frame to set



Fx. The method may al so conprise that the conpressing
in step (i) and the rel ease of the conpression in step

W@ aop/oeg4e7 ai ded by hydraulic cylinders or by aPCT/SE2007/001042

el ectro-nmechani cal or nechani cal actuator. According
to a further alternative conprises the nethod for
opening a flow nodule or a plate reactor conprising
the followi ng steps: step (i) conpressing an

ar thenodistamce! AsprEimbssiah a(i¢) adleasingeVihee é6ePression of the
to the invention. The arrangenent of Springs are

coafiapgestentofdhesprings) > Lnin or to a | ength that
one or nore flow nodul e plates, one or nore reactor
pl ates, one or nore heat exchanger plates, or

¢ B TR dEPefERg ﬁaﬁaﬂﬁehéﬁié‘@?’%ﬁ Biaxp a8 ke = step (1

" CREMPICIPIGHGA, L O ,
combi nat | onsgattﬁher%g?fgagg}gégtfgg ] ggg?@th%ﬁ of ¥pring force

cohpressi on of the arrangenent of the sprl ngs.
According to a further alternative conprises the
rret hod for openi ng of a flow nodule or of a plate

méﬁﬁ?ﬁﬂﬂy %%éﬁﬁ'ééﬁhegfée ”E‘Breﬁlréss]é% isteR & and the
L”"é‘ea@é%‘P”‘é'°E"q¢§e?§§?@h3"§*’éﬂ'@?%€eb4'8€5ﬁ L@dtauiic cylinders or

bet ween one en ution

f rioyran elbetroémlechahmaiammechamcama@rcwt@ron of the
arrangenent of the springs; and step (iv) renoving one

or nore flow nodul e pl ates, one or rmre react or

p'dﬁte%‘?’rgiﬁ@ h@ﬁ"&tﬁrhg PR ChRORHS SR dBP Aisghed fek opening a
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mechani ¢ jacks or roller screms as tension r
antoalbeuventionhdine aerangeneent ak sprngsaarieecompséesséa to a length
mechani ks or tge roller screws and nuts be

| ole)k%g-mlﬁl'ﬁé Q& leagth thal ope enmarediowdnesuls plates, one or more
hy A28 HIERC" ofé SPym%trgeﬁeéy & Har§&rbiaté® or combinations

thereof can be removed; step (ii) removing one or more flow module
plates, one or more reactor plates, one or more heat exchanger plates, or
combinations thereof; and step (iii) releasing the compression of the
arrangement of the springs.

According to a further alternative comprises the method for opening of a
flow module or of a plate reactor comprising the following steps: step (i)
compressing an arrangement of springs to a length L, > Ly step (ii)
displacing distance blocks from be’tweeh one end plate and a distribution
plate in a frame; step (iii) releasing the'compression of the arrangement
of the springs; and step (iv) removing one or more flow module plates,
one or more reactor plates, one or more heat exchanger plates, or
combinations thereof, from the frame.



synchroni sati on may be done by aid of a mechani cal
transm ssion or by controlling individual actuators.
wab@sps@sent i nvention relates also to a use OPCHEHSE2007/001042

cl anpi ng device to conpensate for tenperature

expansi on of a stack of one or nore flow nodul e

pl ates, one or nore reactor plates, one or nore heat

exchanger plates, or conbinations thereof between two

end plates. The present invention relates further to a

use of a clanping device for opening or closing of a

f | Aeconding etoorarofalterpative  ofdheometibein mangr the steamon rods be

i ncrease of pressure within the flow nodul e or

p|t@men@dc$lmulmequsm astd pyeelianousiy el §Iaad:§reect length Ly is
to a c ccording to.one alterna

TR, BaGiE0 e #RB3: bt oy MechtyCecRsnAEdPLaT igrews as
arleﬂ%ﬁ’rgtrﬂé(s: Slfél\;\lg% \A%%Létér o c%ﬁ“iﬁéscor'?@&hﬂ % r%%%héd must the

or ro ICS are conn

t hechani ket e roliee 'Scfé\ﬁsﬂirﬂis putsebedecked. The actuator may
critical level or a predefined value the control unit

f dve an electrictmatar, a hiydpaulic meofdrcaw anywitkesrtypaeof motor. The
platereact?r to re eaet In the

f BYNRhrRgIsAtian may Soe by Bl ol @ HieKprigat frangaission or by

. gures are for the purpose of
de?grhtgwlgéi ﬁaf\'ﬁ%ﬁl%%gﬁ lergh and are not intended to
limt its scope.Brief Description of the Figures
Figure 1 is showng a cross view over a grid of
spFhegpresgnioinvedtion aelates albat to & asaliofgat olamplng device to
alternative of the invention. Figure 2 is show n
to@omp@nsate Jogﬂemnﬁfatwe. AyBaBsionr af @y starcko d one ‘or more flow

o1 R VGt otk pr UG ifctorisleled, it oL IMMS et dchanger

r d d
i SR o3 SRR The prsen
al ipgedtibhnrelgtdseigttheAto a use of a clamping device for opening or

closing of a flow module or of a plate reactor.

When there is an increase of pressure within the flow module or the plate
reactor any kind of pressure sensor sends a signal to a control unit
according to' one alternative of the invention. The control unit may be
connected to an actuator of hydraulics, cylinders, mechanic jacks, or
roller screws, which hydraulics are connected to the clamping device.
When the pressure reaches a critical level or a predefined value the
control unit forces the actuator to open the flow module or the plate

reactor to release the pressure.

- In the following will the invention be explained by the use of Figures 1 to
12. The figures are for the purpose of demonstrating the invention and

are not intended fo limit its scope.



Figure 5 is showing side view of a grid of springs
having |l ength Lx and how the springs are creating a

W@ e@B/0af441 he fl ow nodul e or the pl ate react or. PEI/FERVR7/@1042
is show ng a diagram of the function between spring
force and |l ength of the springs. Figure 7 is show ng
an alternative enbodi nent of the invention having a
frame, which conprises two tension rods and two end

pl ates, which frane Br;'ef@égéigidmgf f@ﬂp}!re@ ates or

the flow nodul e plates T nto plrace by aid o ydraulic
cyFigutert. [ ghowirgy ascrebswiey aver a gniel ehdodngsstipperted on an
in figure 7, erein the distance blocks are in the .

open, or un@Qﬁ?ﬁ'@f‘e gespiding tomng aiemativesabie invendion.

sa j as, L .e 8 qf the fr i t h.the.distance,.

ol pigdrerd) dfﬁqa‘f\%’éﬁge%ﬁperv'%@é? iq\?{%%s@.{%@% 3cfgrding to one
cl osed, or td i~gure 10 is showing a

si de view o?“té e saéégﬁgﬁrsomen@r??lgas in figure 7, in

whFidureh® disstshovengl eitles view ofh & horetemmespedi giidnof springs
and the hydraulic cylinders are released. Figure 11 is

showi ng a sha¥ing BRAA Laagl osed reactor frame without

any. ¢l anped. pl tesvvit.aa.sect'onA-A. Figure 12 js .
ShBIAUTE &t spsDPBing side dipw-ohd. compsessed gid of Springs having
Descri pt i onydfarhle. FitAu R Blig4S kR RMdIA & o oSS

vi ew over a gr Spri fgs 1- supported on end

pl Ei%_lré Beciy dhowing side vidw st grideoPEptings Hengng il€Agth L, and
In this figure the springs are piles of disc springs

arranged t ohget theheptingsuaee creating aasenlf off the flowomodule or the
able to seal  the re?ctor or flow nodul e. The each pile

of disc sprPlRS 821N read on a piston 3, which is

 SEHEF<0 . e sBR) REqBbAATEOLERELRIAER Fellédn dpgna force anc
flow pl at es |dhgtheofithedpringeal ed by the aid of an end
plate 7 and tension

Figure 7 is showing an alternative embodiment of the invention having
a frame, which comprises two tension rods and two end
plates, which frame is holding the reactor plates or the flow
module plates into place by aid of hydraulic cylinders.

Figure 8 is showing the same embodiment as in figure 7, wherein the
distance blocks are in the open, or unclamped, position.

Figure 9 is showing the same view as figure 8 of the frame with the
distance blocks holding the feactor plates into place in the
closed, or clamped position.

Figure 10 is showing aAside view of the same embodiment as in figure 7,
in which the distance blocks are in the clamped position and
the hydraulic cylinders are released.

Figure 11 is showing a side view of a closed reactor frame without any
clamped plates with a section A - A.

Figure 12 is showing a top view of section A — A.



rods 8. The tension rods may have a fixed | ength or
may be nodul ar, to set several, predefined fixed

wo eovgiobas7 whi ch coul d correspond to the | engt hPOf/SE2967/001042
two or nore plates, and each nodul ar tension rod may
be conposed of the different conbinations to be as
flexi ble as possible, thus one set of nodul ar tension
rods may be use for a single plate or for couple of

plates or for SeV@@ﬂail@H@é&@j!@fﬂ%#lg@@%the
nodul ar tension rodsS are arrange or e specific
appigucatli isnshewing di crgss wieWwiaverre grlidhehsptihgs dl ssppaorted on an

of the plate reactor or the flow nodul e .is achi eved by.
s CPRRN et%@&%&ngq@ one alieanative ©f thetinventoyy Inythys Tigure the

e s b s HESE B lR HTARGR EEERNY sttt tength and
DEfofEE 161151 aBYe 16 Al N BBt o ABGATRRINE SThE s Bile of disc
plate and the ends of the spring prstons. Figure 2 |

shsiimgs aré dhreackwnoh gston 8, whictpiis nosked oor thengpposite side of
one alternative of the invention. In this figure piles

of el qdlatep i with a washednang aretaininggring 8f Rgadtegplates 6 or
Late 2. the | ides_of t .

o100 Rl 5o Sonfl Haieddy R el Soa iane PR,7 and tension

oIS, YRECrRidh 085 BT Hored Ith o iR b rocuier to

| Sséto saneral, Jpradetined $i§t_ébln§}ang2h§§ Whigh' idonil¢dconespond to the
the plate, as shown in Figure 2, where everything is
scleagthl of ane, Hwo oy meiespates odsd eacty medular tension rod may be

cRiTposR of PralierparEoamizatiant o B phgexinlg Spossible, thus
co Ciatl Re F 3 - e SR{

TooMEutstot EnBHiBr nigheIR RESTRERNEE ¥oeCfda Sl hiate or for
spedupsle of platiscad R Pewdralpldted MdddrflihgIshehdw the modular
constant is added to the length of the springs, the

coesision rods eapgabriamgeitk forthek spesifid appéidatidn. éiccording to this

pi stons 3. The fugure is al so show ng hydraulic i
cwm%@@h. eenp | thehidasikgn afethis cplater readder ef dhe flow module is

rERgaity SFae Bastie! I8 byg#ritbatuss wilthg 8Rid of springs,
\?\h%ﬁ%gﬁgk??g hetendibh rous! DURES the éqliphsdrt is"éiBsed or sealed
the clamping force may be measured by measuring the distance between

the end plate and the ends of the spring pistons.

Figure 2 is showing a top view of a grid of springs according to one
alternative of the invention. In this figure piles of disc springs 1 are
forming a 3 x 7 grid of springs on an end plate 2. Along the long sides of
the end plate are holes 9 for fixing the tension rods 8 to screws, which are’
not seen in this figure, when closing the assembly. One way of closing
the assembly is to apply a grid of spring piles distributed over the plate,
as shown in Figure 2, where everything is screwed together by tension
rods along the circumferential of the plates. The rods are tightened evenly

until the deflection of each spring pile is correct.
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seen in Figure 4. To length Lmn in this figure is the
sane constant as in Figure 3 added. Fl ow pl ates,

WO e@sier4pl at es, heat exchanger plates, or conmPCTEEIN0TIEN1042
thereof are placed between heads 11 and end plate 7,
and the plates are put into place and the nuts are
tightened until the clanping length is A d anping
length Ais defined as the total |ength between the
two endplates 2 and 7. In Figure 5 it can bee seen how
the flow nodule or the reactor is closed. Wen the
hyly kigures3 iasnoricesmspressieengtitheof @paings 40 danlingpenigthThy,., of the
control the forcengﬁ | ength Lx are neasured for_ each

spPPIgIHi$ shoyh anghiie sefingsarepinragd or pistopsud Iprais figure a

peongarRIERueRE olrid BGRB8 Shihail R eTRERNs Shual to the

t hﬂuél@@ééspbf He%{d&t h1Lof %)l%t&ﬁ@@'ﬂﬁ?e @@Q@Q% WYs8"sHdWing hydraulic

tenperature. The |arge tenperature e nsi on

coeylindsrsnt2, amdldmmalrdumwed dor elesing Cal’id’ opbnﬁl’ﬁg? of the reactor or
rmterlals of the plates, conpared to framework
thef l@de‘qﬁllcﬁtl%zﬂrdhe reastemissopen the springs

TSR Y el 75, (rianthich can bee

daqu ‘Fl LEg k9o ?é}ﬁgtﬂe#.%?ﬁ SR seﬂgylf:é WigeSdme constant as in

showi ng a |agramo ction Ween spring forc

andiguregs radded hElowrplatss, Bactepplaiciy Héﬁ eREh&Ager plates or
| engths of the grid of sprlggjetlt IS possible to

apmmhlmﬁttcms thereof caéefpiace Wweert hebgsukt anid ehd plate 7, and

%%pp@érh%m%lnfﬂﬁé‘@eb ftafpe étﬁ#@e%re"ﬁmrgr%% unti the clamping

N I'eﬂtﬁ'iﬁ Ei'éa'rf(‘dgcfsaﬁ‘ﬁo@fép ﬁ f%‘?ﬁﬁ,goég 39@'1%;513%891 between the
| nwmter@rplatésg@ s d’ 71 $n ﬂ@W@g I@%‘éﬂ‘ﬁéeaéééﬁ Pk ¥ife $low module

the invention wherein a frane is holding the reactor
pl ar He ceactorte dosed nbthere tihathyaréulics ¢s ptleased then the plates

fraim ClimBeda Ta %BE;mL3é§§@S§$%££wﬁ4£ﬁi£éréRsefagéfég for each
it e, IR bt 1 obBHBRL I BT 4 a8 capstant as in
Figure 3. Length L, correspond to spring force F,, which is acting on the
flow module or the reactor. Length Ly is changing depending on the
temperature. The large temperature expansion coefficient and low
modulus of elaéticity of the materials of the plates, compared to
framework, screws, tension-rods and end plates etc. is thus compensated
for by the grid of springs which gives the assembled reactor or flow

module a flexibility and damages or leakage can be prevented.

Figure 6 is showing a diagram of the function between spring force and
length of the springs. By measuring the spring lengths of the grid of
springs it is possible to approximate the force for each length by use of
the diagram.



between the two end plates and the reactor plates 6 or

the flow nodule plates 6. Two di stance bl ocks 16 are
w@b@smdsdbet ween end plate 7 and di stribution pPet/SEZ57/001042

The di stance bl ocks are in closed position in this

figure, which can be seen in the figure where the

di stance bl ocks are placed between the end plate and

the distribution plate, which is not the case when the

di ThanfiggmceSFRyel 6 i9retempkifiéd dn- EXamplerceshichoekample is

hydraulic cylinders 12 can be rel eased so that plates

6 faretheeuurpose pf ditestmitimg uthet fienaiion obetwernauloree and spring

cylinders 12. The force on plates 6 can be neasured by

/280 ,@1@1 fonal frdfrptingd %Q?m‘@'ﬁloﬁand how far

pi stons 3 have reached outside end plate 2 , see also

Figure 10. The two end plates 2 and 7 are positioned

SOFigRé 7 1 shBWRRg ethdtHEP lltefhatile0PShE iBRBNRENSNREFEH a frame

bet ween t hem when™in open position. The distance

beisviealdind ¢hé weaetar plaite$ orithédlau] modedk pates @ fmbagplace. In

t he nunber of sleeves 17 and tightening of nuts 18 on i

ealbis fighes are the plates; kpptdnplace bydhenipreadramdhameid of springs

856510, SR8 BReola R S e 8P inventon
G SIIGPBS! rLanT s pbeog e 1o ere placed

orb¢tineedn thie twduenadi slatdsoaed thestedster Plaldss6 1é6r theeflow module
behind distribution plate 15. In Figure 10 hydraulic

cybleiereGs Twoadistarsedlecks rifhpresslacedvbetweer end plate 7 and
oSGt iz Aar e ArdanssaBiasks ats J8ctioneli Rosion in this
o U, dthich. BAR'RES et 10 FUUPS MiEre R8Tk blocks are

pl plaeedDeflitrer ok rehd plaﬁé%@@hé_mwmwpiaé, Whieh 4s not the
- A In Figure 12 A- Ais a section view of the

arcaseyareen theodistagaeeblbtkshara iy open f pasitioand hendorces from

grid of springs. Figure 12 is show ng how distribution
ol BYdrauiCyinAgis T2reanibe Teieanad sp (At Piptes GATe kept into place

>R385, 85I, 0L ORAATE, FRfEs™ S, HHRY 2B, BCARHEE o can be
r ¥eaRUréd By measirhd tR¥ distance between end plate 2 and how far
pistons 3 have reached outside end plate 2, see also Figure 10. The two
end plates 2 and 7 are positioned so that the intended number of plates 6
can be entered between them when in open position. The distance
between the two end plates may be adjusted by choosing the number of

sleeves 17 and tightening of nuts 18 on each tension rod 8.

Figure 8 is showing the distance blocks in open position. The open
position is when each block is placed on the outer sides of distribution
plate 15. Figure 9 is showing the distance blocks in closed position. When
the reactor or the flow module is closed distance blocks 16 are behind

distribution plate 15. In Figure 10 hydraulic cylinders 12 are released from

10



nodul e plates in this figure there is no force on the

piles of disc springs, which result in that pistons 3
wa@e@siossdhevel with the outer side of end pl at ePCI/SEF007/001042

there are forces fromthe springs or the hydraulic

cylinders the forces are redistributed by nmeans of

pressure distribution plates 14 and 15. The

redi stribution can be done by addi ng or renoving

UHFﬁéésQJret withe the edishceoIGes RAaEEd béRindhéhe distribution plate
interface between the pressure plate and the pressure

di boldingitheneattorar ficdw naadulesin désedmbsition.
respectively. In this case a vertical groove is mlled
in the pressure distribution plates in all its |ength,

o ERBIrB SR SEOM e i i GEME Trpme M. Bistahilg blocks in
tocl%%@da‘t‘»b%itf_tﬂ’fib@'nihéVGisQribGﬁé'h B8 N$5 0 iurg! i9"showing a
of L2 - 1 =0.6 mMm over a tenperature range Trom

abordss-g@ftion dingbgut- 200In0Eigute 12 Ag—aAgid & skctionediew of the
spring piles the forces could be held within limts

f oRrraagrMyentefrowhiFiguien 1iihskowing: thaframenand theiged1of springs.

k d F2.= 28 kN, (kN = kilo Newton).Clainms 1. A. .

SR s e A e, P 2w insice  nouss
! e . o

ar of 1 oridt & g depEfing o 15{oré896R (pPhR§; Biessure plate

spbyne Agdradiic eyHhders. aShod teaeeds ato ettt plates or no flow

sprloraqs supported on one of the endplates to

di Bt Lﬂatma%m'rrpthig figurecthesa iome forceoomr the pilesodfitiisc springs,
I ne or, npre reactor plates, op one or nore

he i cpeE a1 thRLPRIONS S Sl IRAEIONSN e adler Sifp @ end plate
| gt I

2 BnEEE ePe PEe o RONE Rk SHBbYRr oYkl ffigers the forces

engdpd pédistiiited by ensansodPressuf didiebatibs pthtes 14 and 15. The
springs. 2. The cl anping device according to claim1,

wheedistibiution eanilva danks byr addingrogeensdvang mhaterial to define the
circunferential .of the end pl ates.
contact pattern in the interface between the pressure plate and the
pressure distribution plate, 13a and 15, 13b and 14 respectively. In this
case a vertical groove is milled in the pressure distribution plates in all its

length, creating two vertical lines of contact.

Example 1
For example could a stack of ten reactor plates according to one

alternative have a total dimensional variation of L2 - L1 = 0.6 mm over a
temperature range from about -40°C to about 200 °C. By using a grid of
tuned spring piles the forces could be held within limits for each pile,
which in this case was between F1 = 12 kN and F2 = 28 kN, (kN = kilo
Newton).

11



3. The cl anping device according to claim2, wherein
the tension rods are screwed or tightened together so

wo b@s/oeqrt ng length Lx is > Lmn and Lx < LmaxPCHSEIDNE001042
cl anpi ng devi ce according to any one of the preceding
claims, wherein the tension rods have fixed |ength or
have nodul ar length to set several predefined fixed
| engths. 5. The cl anpi ng devi ce according to claim4,
wherein the fixed length is @laiheast defining a
t hi ckness of one plate or defining total thickness of X
sdveral pl &t slampingrRevige eeMigrisiagi two 2Rdr RIRiRS,t disC springs,
any_.one of .the preceding, clains, wgerein the tensipn
" Blat5hS < ShetERstn a3s MRSt e RE U SitEe’ &g vBfpad on the
r S s T . i n r I .
oBlstBhs: pfTthe, djoc BB InETHIIE A Al gER 4% grid of
t apEhber stipsorted irooneods the tdnddiatdsvo eistribluté etamping forces
having the grid of springs and the fl ow nodul e pl ates,
oont oree o0& awore flpwaneduleplates, apane ot moigereastar plates, on one
arranged beimeen the t endpl at es [

.8,. Th |
461 MBare,beat EXRGangenRiAteRob coRMINALORS thercopdiieh plates are

e | C p e . .
°Bibtt B0k LRCIAE o e B WReThFP e idBririre ouided
f ghrotigteiHtled ih! e resiplaterhavirgaitie rapst@ement of the grid of
conprising the follow ng steps: (i) conpressing an
aspeingsnent of springs in a clanping device according

to any one_of clains 1 tqQ 8, wherein the arrangenent .
of. spri ngs TheLlapming sadce @cgordingt o ¢lrim Lﬁwﬁerem the tension

D54 e R A e Skl BhREUR b2k Blsgle

ome or nor e HREALNFIRGANSAE RlcRbrding®o claim 2, wherein the tension
rods are screwed or tightened together so that spring length Ly is > Ly,
and L, < Loy
4. The clamping device according to any one of the preceding
claims, wherein the tension rods have fixed length or have modular length
to set several predefined fixed lengths.
5. The clamping device according to claim 4, wherein the fixed
length is at least defining a thickness of one plate or defining total
thickness of several plates.
6. The clamping device according to any one of the preceding
claims, wherein the tension rods are motor driven mechanic jacks or
motor driven roller screws. |
7. The clamping device according to any one of claims 1 to 6,
wherein screws are screwing together the tension rods with the two end
plates having the grid of springs and the flow module plates, or the
reactor plates, or the heat exchanger plates arranged between the two

endplates.

12



conbi nati ons thereof between the conpressed
arrangenent of springs and an end plate; (iii)
W0 c@hendng the two endplate to a length A > (REI/AE2807/001042

total thickness of the stack of plates); (iv)

rel easing the conpression of the arrangenment of the

springs. 10. A nethod for closing of a flow nodul e or

of a plate reactor conprising the follow ng steps: (i)

pBaci ng a Fthecklamhpinge deviceoaecbiding nfodahy qnheztcn‘scla'cme 1 to 5,

or nore reactor plates, one or nore heat exchang

pmd&eégm gach gisionaisi leaked ipn the opposiiersidaef the end plate with a
sed arran enent of springs and an end

npr.e
pWﬁs er(qqqsaggmjpg& 'ﬂg an arrangenent of springs in a
chanpi ng devi ceydi e ai 1
510 a1 et hehd R esihg, A n0AeTdC e pilte: reactor
bbon@lémgmerfom\m@gta@sate and a distribution pI ate

a frame to set the distance A, and (iv) releasing
t(ias conpr e@@nmre@smgwanaarrrangenﬁnt @frspnagspmaw@!armmng device
A nmet hod for Oanlng a fl ow nodul e qr a pIatF act%
conpri si ng3CRAMIBA| JRi n?j“ét@ﬁ@ Qfl )ClabRsr dsstthgBanWherein  the
arrangenen [ C ,
to any Onetaggng%% éHQéf Sgrig'g%\/\g@r)gg%‘ \ésérarlg)n%g%gbﬂgl‘ > Lemin
of spri ngsb@hﬁegﬁqwoeéﬁgqjmgsa length Lx > Lmin or to
a length that one or nore flow nodul e plates, one or
mfii)e r eact plagihgt asstackeoboneooe meae fiow hanogkle plates one or
pl ates, or conbi nat| ons t hereof can be yenpved: )
renovi ng ofROIE: reacter iplglesyone @rpmr@sheah@mhaﬁseé plates, or

Conbi nat | okerRiBADaRS Epeg PERkeB IR RBiefeElt Alfangement

of the arrapeprmgs &Hd BRcermPhldies:

(iii) tightening the two endplate to a length A > (L., + total
thickness of the stack of plates);

(iv) releasing the compression of the arrangement of the springs.

10. A method for closing of a flow module or of a plate reactor

comprising the following steps:

)] placing a stack of one or more flow module plates, one or
more reactor plates, one or more heat exchanger plates,‘or
combinations  thereof between the non-compressed
arrangement of Springs and an end plate;

(i) compressing an arrangement of springs in a clamping device,
according to any one of claims 1 to 8, to a length L, > L,

(i) placing distance blocks between one end plate and a
distribution plate in a frame to set the distance A; and

(iv) releasing the compression of the arrangement of the springs.

13



12. A nmethod for opening of a flow nodule or of a

pl ate reactor conprising the follow ng steps; (i)
w@ommpnerisi ng an arrangenent of springs to a | enQi/RE10R7/001042

Lmin ; (ii) displacing distance bl ocks from between

one end plate and a distribution plate in a frane,

(iii1) releasing the conpression of the arrangenent of

the springs; and (iv) renoving one or nore flow nodul e

phHdtes, ond anethoe foraopenimy adeflowomoduleroor ehaslate reactor

exchanger plates, or conbinations thereof, fromthe

f cemprising thadolewingistapsor ding to claim 9 or 10,

whsrein t he net hod. al so conpri ses stfg ?vé neas%#in ing devi

[ Ohgtn Lx £OMRESHIE, AN AtABoeRIget of Sofngp g Gaing device

Fx. 14. Th C PN 0 &mny, ofq clai i

10, 11, 12%(9?8&@35\/\,{16‘3 géwt%ékcoﬁgrgggﬁﬁg 1ang§t§2 Wherein  the

rel ease of arfmgementssisprinyseant dteinpiessed il lehgth.L, > Loy,

A et hod for opening and closing a flow nodul e or

pl at e reactosrtocanfenigihniat one arsmayeaflawr madide plates, one or

conpression of a clanpi

ng devi ce accor di n% to any one

of ol ai s IO FeaGkE RIS, NG i ARre, heot exchahgi plates, or
i ded WG 4 I ) . 16. Th
Tt hot accoPlTHARBAE hafar oin bRl iefopgdio. =5 The

] figKs or thenidling” &i%é ewr_anfordy NA8WoNheedLiIeo ?I@@é‘s,mone or
close simultaneously. 17. The nethod according to

cl ai ns 15 onoiks reabtioreplatessacnecaoke nape heat texchamgesr plates, or
Lx when spring conpression reaches a predefined

| engt h. 18comRlaingtiogsdhargifhg devi ce according to any

Ansi on’ dPreatind tie RmyERSIH of B pRERESEAFor the springs.

12. A method for opening of a flow module or of a plate reactor
comprising the following steps:

(i) compressing an arrangement of springs to a length Ly > Ly
(i) displacing distance blocks from between one end plate and a

distribution plate in a frame;

(iii) releasing the compression of the arrangement of the springs;
and
(iv) removing one or more flow module plates, one or more

reactor plates, one or more heat exchanger plates, or

combinations thereof, from the frame.

13. The method according to claim 9 or 10, wherein the method
also comprises step (v) measuring length L, for each spring for control of
spring force F.

14. The method according to any one of claims 9, 10, 11, 12 or
13, wherein the compressing and the release of the compression are

aided by hydraulics.
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nodul e pl ates, one or nore reactor plates, one or nore
heat exchanger pl ates, or conbi nations thereof between
wo awsead4pl ates. 19. Use of a cl anpi ng devi ce BCTSEWDTIEN1042
to any one of clainms 1 to 8 for opening or closing of
a flow nodule or of a plate reactor. 20. A contro
system for pressure rel ease conprising neans for
nmeasuri ng pressure, neans for opening a clanping
defd. ces acdonmmetipd doangpemiagoaind alosing aofléw misddenor plate
t he opening of the clanping device is effectuated by a
copaetor GeMPHEYRge QAIPIRSANg aandatielease hotir gamprgssion of a

ARG LI o, BrEcPLSBRRE 1 3. i e
SRR S SR TSEnahd o plcesrous

t Hg. cl anpi Mhd anhelifodr gcaatdirg rtobalahth MB, adtiereipn tlié mechanic
material or by renoval of material to define a contact

pjacks nor n thée rolleer fsetewdetateensynghrenisad B0 atapeihdor close
a dis#ributi n plate. 22. A reactor frame arrangenent
oSIAUARBRORBYul e frame arrangenent according to claim

2 b ehErAREE B AR R st 1 7o) Megpin means are
CQi¥pliet to secure Lx when spring compression reaches a predefined
length.
18. Use of a clamping device according to any one of claims 1 to
8 for controlling temperature expansion of a stack of one or more flow
module plates, one or more reactor plates, one or more heat exchanger
plates, or combinations thereof between two end plates.
19. Use of a clamping device according to any one of claims 1 to
8 for opening or closing of a flow module or of a plate reactor.
20. A control system for pressure release comprising means for
measuring pressure, means for opening a clamping devices according to
any one of claims 1 to 8, wherein the opening of the clamping device is
effectuated by a control unit connected to an actuator of hydraulics,
cylinders, mechanic jacks, or roller screws.
21. A reactor frame arrangement or a flow module frame
arrangement comprising tension rods, two end plates two distribution
plates, two pressure plates, wherein the clamping forces are redistributed
by addition of material or by removal of material to define a contact
pattern in the interface between a pressure plate and a distribution plate.
22, A reactor frame arrangement or a flow module frame
arrangement according to claim 21, wherein a vertical groove is milled in

the distribution plates creating two vertical lines of contact.
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