;e3e8 8t6T K1 METHOD FOR SEPARATI NG A MULTI - PHASE M XTURE AND A DECANTI NG
CENTRI FUGE SYSTEM FOR CARRYI NG QUT SAID METHOD 5 The invention relates to a
met hdd for separating a multiphase mixture into at |east one |iquid phase
and one dry phase with a specified dry matter concentration CTIS, using a
decanting centrifuge, which includes - An annular imersion disk that is
connected to a shaft at 10 its inside circunference and that exhibits an

tsi de dippmedk tay t i DS j f trif
;éi‘ufr{ gn?' BT IR s .‘fq*u%‘?zﬁeﬁ. Bt ?ﬁ"%ifm}te?qf’:gféﬁﬂ%%hn%eﬁﬁﬁﬁi end.
ace o used to_draw e |iqui ase
fromthe QfEt;nt Fl #%%%E%%@%?@ﬁ%W%p%%e@?w devi ceqt hat lOcan be

used to set the tank depth XT of the liquid phase that rotates in the
centrifuge drum using the following steps: a) Start-up of the centrifuge
drumto a start-up drum speed 20 nZ, |, and setting the tank depth XT to a
start-up tank depth xT,i: b) Introducing the nulti-phase mxture into the
rotating centrifuge drum 2 c) Drawing off the dry phase through the at
| east &ne Thvey imtereriah sodleiges Ope M nEs tieed mﬁv\!@%@é{iﬁ@eﬂﬂ;ﬂﬂ;ﬁ- phase
through the weir gap; d) Controlling the tank depth XT corresponding to the
dry 5 mat teitassomciertiund | e iTedde i plia ?ﬂa?@aéﬁd Ugﬁ% 'd,%, speci fi ed
nom nal dry matter concentration cTS,i is reached, using the tank depth

setting dpHas whitgh tANGSIEHE {bd fi S difference between the 10
out si de a(rilsdl'1 inside di a% er ojfmc% ?\%&i%w I?i%%&%%%ér?%ﬁ%'fe sy N8P Bt he

centrifugeg {dun C i centrifuge Wt t least a partial hydraulic
transport systerﬁﬁs ck?aée]f}ségllgh} Srui s &“%ﬁ‘}‘%ﬁ ng out the 15 method, is
known from 43 2q1 265 C2. Wthg‘-{ his method, a liquid ring between

i mer si on di 5k ARG 1 quPRSEa et Sik that Hes rernneeked cbe ra fshpfdram to a
certai 6 fill level, the so-called tank depth, thus generating a hydrostatic
preSSLll e ﬁﬁsodd’r?"ﬁ?e JEraymfenenae tand that wxhibid ab soitsideg the dry

phase. In addition to, or in place of, the discharge, the hydraulic
t ransport SépRedarc fhatl 43 mmalder cthagutthesiimpide diddetantdmla speed of
rot at abl e screws.

centrifuge drum; and

- At least one liquor weir with a weir gap arranged at the
end face of the centrifuge drum that can be used to draw
15 the liquid phase from the centrifuge drum, and with a tank
depth setting device that can be used to set the tank depfh
xr of the liquid phase that rotates in the centrifuge drum,
using the following steps:
a) Start-up of the centrifuge drum fo a start-up drum speed
20 nz,1, and setting the tank depth xr to a start-up tank depth
Xo,17

b) Introducing the multi-phase mixture into the rotating

AR
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centrifuge drum;



3 Essentially, the weir is designed in two parts. A weir disc closes the
cyl i nder-shaped jacket of the centrifuge drumand rotates with said drum

It i provided with at | east one passage for discharging liquid fromthe
centrifuge 5 drum Assigned to the weir plate is a parallel baffle plate
that can be noved axially, and that is farranged at the fixed support of the
rotatable centrifuge drum A gap that stretches in the radial directionis

created beiynwesr, r ty ir e..and the fixed pbaff|e plate. The
liquid 10 phase ‘iLs hﬁﬁnﬁwoarﬁt%ﬂ%%%ﬁ%%%%hd?%?n ?ﬁrgﬁﬁﬁ sQP 98B, The
wi dth of t LT can be adjusted by the axial npvenent of the baffle.
Reduci ng tﬁtﬁ%ﬂt%@%? 2 WETRY | WRF eLRALLnG OFF otk bigwidehaseui d
phase such_that the increased pressure increases the anount of the dry
phase 15 tHA&°YEP pﬁb%s‘é%l“f)u‘ia%f the centrifuge drum To some degree, the

|l iquid phase al so enters the dry phase, and thus reduces its concentration
on dry matdlerConirriling ythe trmk rippte »eicoryasporsliies tia tmesdunad
pressure, a reduced hydraulic conveyance, and finally an increase in 20 the
dry naft emakfeemonterntra tidmesdr ynpkheedrSuahods! Mgy Bruer uRag 1pRoven
itself in decanting centrifuges, because it can be adjusted at a rotating

centri f ugespescif i dd) Usontid LM difly tript €N e £ 165 &1 Vo, 4 st
concentration via the width of the weir gap. Using thceTs(:lor?’t ro eea(r)?hetdﬂe ‘Wi r

gap W dth «diy\stHedItahi m%é&ﬁt@ . 1.0 concentration and vol une of
the supplied multiphase m xture while the pd}eg'cess is running. 5 However, it
has been found that the control of the dry matter concentration using the
adj ustabl e |iquor weir requires an unchangi ng high energy input for the

decant i ng sgent,ri f.u ich js.rotating.at high speeds. In 10 particular,
t he high eiflheer g%lanckogisaélﬁ%\?i’bsn 4?’6{?;?& e ididferrnce ke twppn i tle anount  of
mul ti -lﬁhase m xture consistently needs to be accelerated froman idle state
until ‘Pt ﬁé&tﬁ‘é&ﬁé}ﬁtw%@rﬁﬁmw afdihp tauid ¥impg ceisetl tetates he
centrifuge drum

inside the centrifuge drum.

A decanting centrifuge with at least a partial hydraulic
transport system, such as is required for carrying out the

15 method, is known from DE 43 20 265 C2. With this method, a
liquid ring between immersion disk and liquor weir is set
in the rotating centrifuge drum to a certain fill level,
the so-called tank depth, thus generating a hydrostatic
pressure through the liquid phase that assists in

20 discharging the dry phase. In addition to, or in place of,
the discharge, the hydraulic transport system can also be

carried out using the differential speed of rotatable

sScrews,



15 In the course of the process, the weir position may shift towards the
edge, where the baffle plate of the weir can no | onger be adjusted.
Contr'olling the dry nmatter concentration is then no |onger possible if the
20 concentration and/or the anount of the supplied nulti-phase m xture
change significantly. The process nust be interrupted and re-started using
a drumspeed that is determ ned enpirically. 5 Known from DE 195 00 600
IS a pneunsdg ' b &, regqt resi f the liguid phase
B e o dlF L Fe del o B BETEER B APver ot

is increased by bl ow ng pressure gas 1nt t he

tank dept | [ 0 he Jiquor.wejir also, allows for 5 controlling
“the dry ngf%%$g%oﬁ§%n a}%%%rtﬁ?%ﬂﬁ %%?%%Fiﬂ the serrrifref dBpRrati on.

Various nethods that influence the properties of the separated phases using
machi ne pa?’é‘?re’f%?%t%%c‘ﬁléé ?%%da‘i‘ﬁ‘l‘ﬁ‘iofgp%%dp’é?"%%%ddﬁ Rrahtleastpeed are
recommended in EP 1 044 723 Al. However, with these nethods, the
conposi t i PDIPAFRATE ofed dhichiryobnaskianidafregsthe ceantrifuge of the
considerations. The disclosed control of the dry natter concentration via
vari at Ponsdgm ¢ Rssiiamed peedthe weirspldfe hiswea epara he Bab £ BEEp Yy te NPUL .
In addition to the already high energy consunption at a high base speed,

frequent Dbtlekt noamrise anewe®r&kidULYf ARE €haH is él@fé[n&&&rﬂtli@ﬁ§n5i ve due
to the high nmass nonent of inertia of a | oaded decanting centrifuge and the

hi gh angulsixsdafdspo=20 H MBI 0L tdedn 1O LG, bes '%fﬂ&nf% gRs hL09 2

decanting centrifuge using an adjustable |iquor 'S ho cl0Séd. 6

Thus, {he pliSEbiaR B I 865 141AAEEd IR NOY ol Lhe Kind ment oned above

such that, for one, the energy consunptron is” op : ?ﬂ@ Se | oad
fﬁ:{ afN: fnrc?ﬂhﬂﬂ; ths LUPEl e dand, he decant,ing. ce ”g{;ig?leﬁg ff&&féed such
10 phase is thrown from the centrifuge drum through said gap.
The width of the weir gap can be adjusted by the axial
movement of the baffle. Reducing the width in the weir gap
increases the pressure in the liquid phase such that the
increased pressure increases the amount of the dry phase
15 that is pressed out of the centrifuge drum. To some degree,
the liquid phase also enters the dry phase, and thus
reduces its concentration on dry matter. Conversely,
widening the weir gap results in reduced pressure, a

reduced hydraulic conveyance, and finally an increase in

20 the dry matter concentration in the dry phase.

Such a liquid weir has proven itself in decanting
centrifuges, because it can be adjusted at a rotating

centrifuge drum, thus allowing the control of the dry



5 sudden changes in type and anmount of the supplied product, a control with
regard to a specified dry matter concentration of the separated dry phase
can Be ensured. This obj ective is acconplished through a nethod of the 10
af orenenti oned kind that is characterized by the follow ng steps: e)
Specifying a tank depth tol erance rangegwith a | ower tank depth xT,U and an
upper tank depth XT,o; f) Conparing the adjusted tank depth XWw th the
tank dept Mnaled 0! S PG L S006n t reyving out of steps b) to f)
while the tank decg:{h xT'irs wthﬁgtﬂggt%%eﬁfhﬁ?%l e anc¥ an %J,P“%)

Rai sing t e I e drum speed nZ by, a speed step value ~nZ at a tank
depth xT t aetC c|n;sr{é§gn<1>a I%frj 1%JPFlean e ??‘R\e‘%&%ta&ﬁ%‘% PE X, XLSRPRERWEPI Ng t he
centrifuge_.drum speed nZ by a speed step value OnZ at a tank depth xT that

i s great erCHRIPS HP GARFOTLFALIRDIING VOIS o) the i spphited amiltibpt h xT
corresponding to the dry matter concentration cTS in the drawn-off dry
phase unt iRhase mpixtureshile the®@réeesnoks munming matter concentration
CTS, o0_.i) Conparing the re-adjusted tank depth XxT with a specified tank
depth fol erance range and repeating steps f) to i) 5 when the tank depth xT
viol ates the tank depth tol erance range with a conti.nued feed of the

mul ti - phastowevetyr 6t Has tHederk AN KDt i Udksh € alin S0l agipg of f of
the liquid phase and the dry phase. 10 The advantages achieved Wth the

met hod of nlattd:n\idett A8 dd g cUldr \Qg genirifuge can
be operated with an i mrersion disk g?’;md a 4%5%1-?&\/\%?:2%%%9%%? at - base | oad

operati on pdchiy 4L ' . .const ant_ anpunt. and_ conce trs&ion of the feed
an optim zat%d(}n Caﬁ?ﬁﬂ@éﬁﬁ:}%&&ﬂ SHIHTY SHPRYE t%mén‘g?@ HARERE on,
while at t time.a readiness for a reaction to sudden changes is
ensured | rg%%htsr%'r%?ﬁ?ee’v\é'lhrl?}% TRARRERD aF high eRRrdsi P which is defined
by thﬁ t ol earf%nce range, fromwhich it can either concentrate or dilute the
dry phise PaFiGRLan s the high Anerde Ranrmatian fentdus thethet fadt a
decanting centrifuge is used, Were the |iquor weir consists of a weir
pl ate wi t IFhat [toessuprd igdy amouste mifh gl -gthasdaf ity at e that is
supported in a fixed manner

consistently needs to be accelerated from an idle state

until it has reached the high angular speed that is

impressed using the centrifuge drum.

15
In the course of the process, the weir position may shift
towards the edge, where the baffle plate of the weir can no
longer be adjusted. Controlling the dry matter
concentration is then no longer possible if the

20 concentration and/or the amount of the supplied multi-phase
mixture change significantly. The Process must be

interrupted and re-started using a drum speed that is

determined empirically.



8 by formng a weir gap in relation to the weir plate and that can be noved
axially. The tank depth xT can be | owered by increasing the weir gap width
xW dr rai sed by decreasing the weir gap width xXW Assigned to the tank 5
depth tolerance range is a corresponding Weir gap tolerance range Wth a

| ower weir gap width xWU and an upper seir gap width xWo. Since an
increase in the weir gap width |owers the dynam c pressure at the Weir, the

tank dept hkhowh eEsbh | egh e he upper.tank depth xT, U
is 10 reached at the %\Aﬁ?sjv\g?réggpgé\ﬁ ﬁﬁiﬁ%ﬁ% !{'ﬁ%‘m i Ye35p Wrat

t ol erance i a, addi ti ppal, enbodi nent of the met hod
provi des tﬁg%]ggl%ggﬁgn%ﬁté%g%%t?lf%% g%%’s@d?h%%r%st%c??ﬁﬁ%ﬁi B%ir 15

i ncl udes aéléefst one axi al I%/ sfrefching, u-shaped |liquor channel Wth an
inl et and an” OttY RTFPETRFTIRat™ aFlRe F¢2RgeeP i nthwe Hherveasbngothehe
outside circunferences of the |iquor weir, and where pressure gas can be

i nt r oduced*3Mc tHRPER eTRES Aesignpesl teadlbiuohavéinualschabhbews £ous 20
bui | di ng a hydro-hernetic pressure chanber. Wth this nethod, the tank
depth XT cgPteelbingdthy dry reststeny ¢orecemtr Ptoss UEkr aish | Q0P £61Ry
decreasing the gas pressure. Assigned to the tank depth tol erance range is
a 9 corrdsporsinguamgprasarieidm erance range with a | ower gas pressure
pU and an upper gas pressure po. Additional advantageous enbodi nents of the
met hod can be 5 obtained fromthe subclains and the description of an
exenpl ary enbodi nent bel ow, Wi ch nakes reference to the drawi ng. The

ot hod i C o T R Ta o g e e PRFIR LN or Pl 0T 10 571 €
separated phases using machine parameters such as the drum

10 speed or the differential speed are recommended in EP 1 044
723 Al. However, with these methods, the composition of the
liquid and dry phases is always at the center of the
considerations. The disclosed control of the dry matter
concentration via variations of the drum speed requires,

15 however, increased energy input. In addition to the already
high energy consumption at a high base speed, frequent
braking and accelerating of the drum is very energy-
intensive due to the high mass moment of inertia of a
loaded decanting centrifuge and the high angular speeds.

20 A method that would be suitable for operating a decanting
centrifuge using an adjustable liquor weir is not

disclosed.



I ndi vi dual parts: - A decanting centrifuge conprised of: - A hollow shaft
that includes at | east one feed pipe |located inside said shaft; 15 - A
centﬂifuge drum capabl e of rotating around the holl ow shaft and provi ded
with at | east one dry matter discharge opening that is penetrating its drum
j acket; - An annular inmmersion disk th Is at its inside circunference
connected to the holl ow shaft and that has an 20 outside dianmeter that is

|l t h te d ket At | t I
el i th B re”é,é;f#a SRR Srfhn B2 APYTHE mrtntPoflert The Brogia

phase can isch ed fromth entrlfuge drum t hrough said gap, and with
a tank :é?iéhﬁﬁf ?Yﬁ)?ﬂﬁk hatTEOBR, 5k erexgy eoesumpkieepth xT

of the Ii hase that rotates in the centrifuge drum - A sensor device
for the Lﬂ Tt 24 duReing bane kead orperr tien onand Son nthéeo thamn- of f
dry phase; and 5 - A weir control device for controlling the tank depth xT
cor r espondiaifi i cthehederan ting eremtnifnge at s oopedited secanthag weekhrifuge
systemwi th the features of the main subject of claiml7 is knomm fromthe

publ i cat i cimdder |ghagidegeim ety@sanmruinaagelwqatecag@ﬂs QLerten
Prozessfiihrung bei der Abwasserbehandl ung® (DR H BEYE / Nl FLEUTER,

West f al | a Sejrartddll wilkh e (?’aﬁml% 14 s c:‘.\?i:é& mf@@%agung

Aut omat i si erung, Messnet hoden and Expeérinents in ani schen

Ver f ahr enddidui toa O B H J&?&aié& nci - I 190 é\gr?sll)]er egr?gtgrgnd Control

Technol ogy for

This objective is accomplished through a method of the
10 aforementioned kind that is characterized by the following
steps:
e) Specifying a tank depth tolerance range with a lower
tank depth xr,y and an upper tank depth Xy, o;
f) Comparing the adjusted tank depth Xy with the tank depth
15 tolerance range, and continued carrying out of steps b) to
f) while the tank depth x: is within the tank depth
tolerance range;
g) Raising the centrifuge drum speed n; by a speed step
value An; at a tank depth x; that is smaller than the lower
20  tank depth Xr,u, or lowering the centrifuge drum speed nZ by
a speed step value An; at a tank depth x: that is greater
than the upper tank depth Xr,0;
h) Adjusting the tank depth x; corresponding to the dry

matter concentration cgs in the drawn-off dry phase until



Optim zed Process Managenment in Waste Water Treatnent"” (DR H.-J. BEYER /
M FZEUTER, Westfalia Separator Industry GrbH in: 4th Merseburg Synposium
on Aut omati on, Measurenent Methods and Experinents in Mechanical Process
Engi neering, 20 Novenber 1999)]. Using weir control results in the fact
that the tank depth xT is adjusted corrgsponding to the dry nmatter
concentration cTS. This essentially allows for the automation of the phase
separati oni pre&s Houe Vv t control is ill required if

si gni fi cant chanﬁlzzs 11 ﬁe?’%ﬁ%&aﬁ%’ﬁﬁ a%n%’f%rm%g%\%’én??ﬁFFBHrGF’-Pﬁe

suppl i ed pgoduct occur, and the weir has reached a limt position from
which it cah'Ho | onger react to the occurring changes. In addition, high
energy consunmption js observed due to the 5 high drum speeds. Thus, the
obj ective i S¥PIHDG\EhR ra-adiented gtanint dép tiyexs weit tdm = e dhbied he
energy consunption in separating a nulti-phase m xture using a decanting 10
centri f uget3k régRiel dtolexance adaihge omnd stepes bitig CHeagese) NLampynt and
concentration of the supplied product can be conpensated for without
controP ttwhenythectoperddmeh Hhivi clten ithe itarC GRBEH ek MddL 2
decanting centrifuge 15 of the kind nentioned above that is characterized
by a speedraroyd rviltlleyi dené HusdEdd | d il Z gorrespondi ng
to the tank depth xT and to the dry rradt’?g?ﬂ%gﬁgieﬁnra if%% ‘g‘r’é‘,‘:“ﬁ%ih'gga

concent r atéKe 4 €4 nd : epth sign i nput. (222) and a
speed control 20 si gnéalru%%?fout 32%@%%&5%‘&%@ %é%a‘?l‘jt)i%éc%hﬂ\‘%?luge
system it.d ; to automatically influence two control vari ables,
nanel y thtg}%azsn{%t l’?ea Eehasspee'ed. In this case, the speed control 12
is the subordinate control. The weir control device for controlling the
tank depth corresponding to the dry matter concentrations has priority.
Thus, ,spe coarrﬁ];{rol is assigned a role as a conpl enenting systemthat can
achi ev Serg’rﬂ' VAR tage v raghie vk mijthe divume thod che | tige hiaseeh €860 Oper at i on
or that can optim ze the position of the weir with regard to reactions of
the syste@® idh@dfddquiathdhaded dietantions @caithfiid Weh Het he weir
control device, the dry matter concentration can be controlled, or at |east
reduced t orswaitesl dedhean Haimeiryd ol VHiEX ta81q LG q‘nﬁ,p,_l- f i ng
such that clogging of the discharge |ine can ben%qg%elﬁte , %@%%g%&%\%anges

in the drat bpeedlchd Afdiraitaesl vﬁ.q:‘har&tna%%@&bﬁ qd) TS, of }r}soggganti ng

centrifuge system can be obtained fromthe sub-clarns PRS2

and concentration of the feed an optimization can be

15 carried out with regard to energy consumption, while at the
same time a readiness for a reaction to sudden changes is
ensured in th;t the weir is returned to a middle position,
which is defineéd by the tolerance range, from which it can
either concentrate or dilute the dry phase.

20

In a particular advantageous embodiment of the method, a
decanting centrifuge is used, where the liquor weir
consists of a weir plate with at least one liquor opening

and of a baffle plate that is supported in a fixed manner



ITowing,, the invention will be explained in greater detail making
?ng?ence tg the draw ngs, of which Fig. 1 shows a schematic overview of a
first enbodi ment of a decanting centrifuge system 13 5 10 15 20 Fig. 2
shows a schenatic overview of a second enbodi ment of a decanting centrifuge
system Fig. 3 shows a sectional view of the inner structure of a decanting
centrifuge with a mechanical liquor weir; Figs. 4a to 4c show the profile

tted in.a _diagram above
of vari ousmpagSARL £& Sa dM% %P Qrg& §i each Qﬁo
the tine af?s Fldﬁé 5a ﬁ% tHe |n ue% ﬁ?qU|ﬁ TRALE RERFPOAAR vi ew of
various p {0 e % e?amf% a,Flgr \A/ellg Ha 6 showsbea secetrleodr\al
view of a ecan I ng cen‘{’m Uy - f b |‘E1P ubt SAdt be gy

by increasing the weir gap width Xy, or raised by

decreasing the weir gap width xy. Assigned to the tank

5 depth tolerance range is a corresponding weir gap tolerance

range with a lower weir gap width Xy, v and an upper weir gap

width xy,0. Since an increase in the weir gap width lowers

the dynamic pressure at the weir, the tank depth in return

will decrease as well. Thus, the upper tank depth x,y is

10 reached at the lower weir gap width x4,y of the weir gap

width tolerance range and vice versa.

An additional embodiment of the method provides that a
decanting centrifuge be used, where the liquor weir

15 includes at least one axially stretching, u—shapéd liquox
channel with an inlet and an outlet opening that are
arranged in the direction of the outside circumferences of
the liquor weir, and.where Pressure gas can be introduced
in the area of a U-shaped bend of the liquor channel, thus

20 building a hydro-hermetic pressure chamber. With this
method, the tank depth xXT can be raised by increasing the
gas pressure and lowered by decreasing the gas pressure.

Assigned to the tank depth tolerance range is a



Fig. 7 shows the sequence of the nethod in a flow diagram Figure 1 shows a
first enbodi ment of a decanting centrifuge system subject to the invention.
A dedanting centrifuge 100 is connected to a feed pipe 11, a liquor line 36
and a dry matter discharge |line 27. The decanting centrifuge includes a
drumdrive device for driving a centrifgge drum 20 and a 14 screw drive
device 45 for driving a conveyor screw 40. In addition, the decanting

centrifugg Q. d i i i qu wei r that can, he adjusted using a
wei r - adj ust i ng Acg?/ﬁ%y%gd. B%%%%%“e%ﬁ g‘f&;%’éarb‘??/ TRRIRYHFR chatYeSFi dR®27 i s
a sensor d%yhﬁ§1§9 that can be used to neasure a dry matter concentration
cTS in thd gty Prady A&t 3R WPSn 9615 PReSS® Pocation. The measuring

signal of the sensor device 60 10 is supplied to the concentration signal

i nput 211 of a weir control device 210. In the first enbodi rent shown here,
a weir gap control signal is output at its control output 214 and supplied
to the weidddidiienaemduantiagedss dhitewdiosenns o£ tties W thednédam bdevi ce as
a Pl control has proven 15 particularly suitable. Due to a high integrating
porti ofi, cdrtaioledicitian ithes Dubrldins and ¢t WSS AT DVEIo£ Heriod of time
such that oscillation of the decanting centrifuge systemis avoided. 20 The

nmeasuri ng ediegillamf drioEHABHE BEMwE P d SDRL 0
concentration si gﬁr?;al i nput 221 of a speedélio!?lét%sl dewi(-:%g% OFég?l’sllegnal t hat
transmts 4R igig rent weir gap width is supplied to a weir gap wi dth signal
i nput 223. This weir gap width signal can be tapped directly at 15 the
control output 214 of the weir control device 210 such that it represents a
nom nal val ue of the weir gap w dth.

The invention relates to a decanting centrifuge system for

10 performing said method with at least the following
individual parts:

- A decanting centrifuge comprised of:
- A hollow shaft that includes at least one feed pipe
located inside said shaft;

15 - A centrifuge drum capable of rotating around the hollow
shaft and provided with at least one dry matter discharge
opening that is penetrating its drum jacket;
= An annular immersion disk that is at its inside
circumference connected to the hollow shaft and that has an

20 outside diameter that is smaller than the inside diameter
of the drum jacket;

- At least one liquor weir with a weir gap arranged at the
centrifuge drum, where the liquid phase can be discharged

from the centrifuge drum through said gap, and with a tank



However, it is preferred to determne the actual weir gap 5 width by
nmeasuring the path distance directly at the weir, and to supply the
measurenent to the weir gap signal input 222 of the speed control device
220. The speed control device 220 is designed as a step controller. 10 The
preferred enbodi ment presented in Fig. 1g is different fromthe enbodi nent
of Fig. 1 in that it includes a deactivating device 215 that unl ocks the
speed conty, | I the start-u hase of the process is
fini shed an ﬁﬂ?gmiﬁr%%%éd’et % h‘la]’sn Eneeer}lseﬁfru ] PSR FaHE (ARR TR by
the weir N [0 eyi.ce.210, In di.ition, the deactivation device 215
deactivatgg %Eekggeéaa86§tP8F=8e398& 3952%esein, thRarge trid fuge drwmispeed
until the inpact on the dry matter concentration cTS that is to be neasured
at the sens?s@é\ﬂ% daeh oy thehameasunemerft 2 kel bhamgettwas been
conpensated for by the weir control device 210. Thereafter, the speed
control d&FNGENEXR Gierggas ninnthe kddasnedt £ hdty i phasd; cardy out a change in
t he drum speed when required. 16 Fig. 3 shows the inner structure of a
decant $ ng cénmeiifgontrdiatdering Her easAitdlaling the? 151K 'ddgige r um 20, a
hol | ow shaft 10, a liquor weir 30 and a conveyor screw 40. 5 The centrifuge
drum 20 i sorateatpainidl ndURROMHR dily TR dMdUn2%i it ANd can be turned
using a drumdrive device 25 (cf. Fig. 1). A hollow shaft™ 10, which is
supported via bearings 15, 16 in a rotatable manner at the drum jacket 21,
is located inside the centrifuge drum20. A fixed feed 10 pi pe 11 that ends

at at | eagt i I 12 prqtrudes,into axi al borehole of the
hol | ow sh%f Fgl&'%ﬁltg'h r OV g.%é&gggor? es%ﬁ"bﬁl%ho%&’ﬁ%g%@%(ﬂ%rﬁh% main he
out si de cgagugf%re%ce of, taﬁ hol | ow shaft 10. Attached to the outside

ci rcunf er éncd Pife SABEFoW /s F&f fnPyny £xom thegpubldicatdomy 40 that can be
turneﬂ%ungg a.screw drive device 45. The screw drive device may al so be
desi ghed adhkeliigepte; Nessruwndr Regedungsderdnikozuex aptlimidntaisi ng a
separate gear step. The hollow shaft 10 and the drum jacket have a
concent ri E*aEraffEhenngshel desxnt Abwaaserbahasgitfg's (DR .Creaized gisiggeen t he
hol | ow shaft 10 and the drum jacket 21. The holl ow shaft includes an

i mer si on/dMskFLEUTERY, , Wast6adiiag Separatoentindua®rt, ehewn inn G gure 1, is
| ocated near a taper of the cross-section of the hollow shaft 10 and the

drum j ackEeraébugbe FEBRtagAAgdhEkomdtisidkhagNeMesshlthoden und
Experimente in der mechanischen Verfahrenstechnik, November
15 1999) [“Intelligent Measurement and Control Technology for
Optimized Process Management in Waste Water Treatment” (DR.
H.-J. BEYER / M. FLEUTER, Westfalia Separator Industry GmbH
in: 4% Merseburg Symposium on Automation, Measurement
Methods and Experiments in Mechanical Process Engineering,
20 November 1999)]. Using weir control results in the fact
that the tank depth x; is adjusted corresponding to the dry
matter concentration cps. This essentially allows for the

automation of the phase separation process. However,

operator control is still required if significant changes



to the hollow shaft and cl oses the annul ar space 26 toward the hol | ow
shaft,. The outside circunference of the imersion disk is kept at a
disténce to the inside circunference of the centrifuge jacket 21, such that
it is 5 possible for the liquid or dry matter to pass through. At the end
of the tapered area, the drumjacket 2%jis provided with at |east one
opening 22 for discharging the dry matter. 10 Located at the opposite axi al

end of thecaiidd f Ugfoul e Ld/dsS L QWO I r 3P . Jhe_centrifuge drumis
closed with a Weir plate 32 than <i'a?lﬁc udeéags\%/%r% %%een?%i’f?ét al | ow for

liquid to i . 1o ed opposite to the weiy plate is a baffle 34
that is atélgaccﬁleéd@{%é %&?’l xgi-andcf S%}% %%)Pf ﬁéaiSI%‘E}%?q‘uga itttk RRILFIPRg

centri fugefrlo ancL.t at, does not rotate with the cylinder drum 20. The baffle
plate 34 can b& Hied bR IMe IPdek 7R%E i R SFheeecwrring chyangeer drum
20. The wdth of a weir gap 33 that is generated between weir plate 32 and
baf f1 e pl &% asfikieon hhigh srexay ieehsweption s ctbderved yduades them 20.
Adjusting the baffle can be carried out via electrical or pneumatic

adj ust Aenthigy idwam tspeed=an be controlled via a 18 gap width signal,
which is put out by the control output 214 of the weir control device 210.
Figure 6 shows a section of a decanting centrifuge with a 5 pneumatic
liquor weir 330. It exhibits a U shaped |liquor channel Wth an inlet

openi ng 3%hud I atte bY@ G d - i€ I ped bend and a
di scharge opening 332. In the enbcﬁj% n%{l;%i;h%{m%m:aznoﬁ%n%s'bin addi ti onal
Ushaped c ; 'rs‘?,fstt!' that a | abyrinth 10 seal with a
total of tAzf'%'rﬂen%:erre‘%ﬁ ons |eg‘pf%¢ur¥le3¥§a(ﬁilﬁge aerberre%éuﬁ%'}/sdﬁ‘éptﬁ?fé B4, the
pressure . supplii.ed to the liquor channel in the area of the

U- shaped %%%’5%%&?‘%&@‘1&"%? S &iEERe dRiRER ideganting The pressure
gas igbroducq%.iﬂ t hg bend 333 increases the flow resistance 15 for the

i qui d° ph&SE B TH9S it Fedused hand i Rdeiftionr annrh chat tdtmngamior weir
330 such that the tank depth XxT increases and the dry matter concentration
of the di 3Eh@FFERtsagdyeoneendrstider cdadie suppglimdippodudiiscdr assure i s
sel ected, the gas phase will break out of the 20 bend 333 of the channel
and col | ecrmpenisarteidn folre widihonitf wge tdidIm M cdigh tthed |dpdd et 0 t he
outside. Wth a gas phase that approximately correspomfs to the pressure of
the rotating liquid phase in the bend 333, no gas will enter into the

| i qui d phase 54, such that said |iquid phase

This objective is accomplished with a decanting centrifuge
15 of the kind mentioned above that is characterized by a
speed control device for controlling the drum speed n,
corresponding to the tank depth x; and to the dry matter
concentration crs, using a concentration signal input

(221) , a tank depth signal input (222) and a speed control

20 signal output (224).

With such a decanting centrifuge system, it is possible to
automatically influence two control variables, namely the

tank depth and the speed. In this case, the speed control



19 can discharge w thout obstacles. If these pressure values are viol ated
in either direction, the tank depth is no | onger influenced. If the gas
preséure | ies between the nmentioned pressure limts, the nethod of the
invention can 5 be applied in the sanme manner as has been stated above for
a decanting centrifuge with a nechanicably adjustable |iquor Wir 30. The
decanting centrifuge system descri bed above can al so be operated using its

sensor 60 i@@g@m&rﬂqyég@sﬁ%;%dﬁlzgoﬂb?li y 4 ogsther, wit h. thejf.decanti ng 10

centrifuge with a pneumati cal usta rgquor wert 0Bt ¥y, the

met hod suby £ Lhventi,on, W I.l be explaiped referring to the draw ng.
15 The pr?cfﬁ@%r%lg“brgbep%%cggasne]ﬁ depth gR%ye i xkurkhe Hg'fyi%?'&ﬂ%s at

| east oneéi(gg(%gﬂgwe and one solid nmatter phase that does not dissolve in
sai d | i quiPPITRE 2P hS S BIR Y of T Reest gontrelicesl here, the
obj ective of the separation process is to separate the solid matter 20
phase wi t RSA%EIAINE &EQluAs |3 amplementing sEs temesthaovearerachhever y
phase consisting of solid matter and residual liquid shall still be

t ranspér t &F tdmiraduign dfe e erepstye manming tiain idurisd B£58i Togapabl e of
fl ow ng. 20 This objective is given, for exanple, when processing

ef fl uent sipedmeiion conahe osas tpflntlzd Maad BIi laDtSs Sl wyidnder drum
is accelerated to a high nom nal speed 5 nZO and the product 1s Introduced.
The nom nalityp a0 oS ddadldihPbd j f ti centrifuge
100. At a hi gh&(nac?m nal speed nzO a%t%%%}%ﬁnﬁgt%%%?%o%gggfethe dry
phase 52 RRige separated in the centrifuge drumexhibits a high dry matter
concentration cTS. 10 Wth a large difference in density between the solid
and the liquid phase, solid matter is easier to sedinment. In such cases,

t he nom nal speed nZO can be |ower than the maxi nrum speed nZ, max which is

det ermyned_by the %esi ...Jhe 15 nmethod can then start at a start-up speed
that correSp&RFS ©F & Faiduser of hbe Mednneantinal stawicd n the sdrmnner, the
dry phase initially exhibits a higher anmount of residual water. To
conpensat 8at¢en Fencemtxatdon ¢ast et santindldldd, win lata Malet opsduaed r
such that as nmuch liquid as possible 20 can run off . In any ease, at the
begi nni ng tef suisd pr degzee tthe thdkienalrys pedttey’ Qenfa iyl asdpth1d ¢he enough to
achi eve a strong phase

flowing such that clogging of the discharge line can be

prevented, through changes in the drum speed.
15
Additional advantageous embodiments of the decanting

centrifuge system can be obtained from the sub-claims 18 to

24.

20 Following, the invention will be explained in greater

detail making reference to the drawings, of which

Fig. 1 shows a schematic overview of a first embodiment of

a decanting centrifuge system;




21 separation and to avoid that fine dust is flushed out Wth the separated
| i quiid phase. To ensure the ability of the dry phase 52 to flow and to 5

al reédy di scharge at the start-up phase such a high volunme that the pipe
system at the discharge side is filled and that it be possible to neasure
the dry matter concentration cTS using jghe sensor device 60, the dry matter
separated at a high nom nal speed is charged with liquid. To this end, 10
at the start-up of the process, the weir gap width xw of the weir gap 33 is
initially set to a start-up value that is about 0.5%to 5% of the maxi num
settable i i X X..Due to the natrow weir gap 33, the pressure
inthe an\rﬁdz:ir g%l%n%gvg%}ée DT LT LN That TTIRAY ebediment af jnio
t he throvmaogc dr .rgqhase 52, _The thusly re-thinned dry phase 52 is conveyed
past the i R FENF P INSYF P hat t er di scharge opening 22. The
width ratios at the weir are shown schematically in 20 Figs, 5a and 5b.
After the discharge fromthe weir plate 32, the liquid phase 54 is thrown
radially towards the outside due to the high centrifugal forces. Wth a
very wde Bigenihghsiwe e sesitricpemil 38iaw ofiotine | tnrkes). s Sluctdee | é£ui d phase
is thrown off and no | onger wets the baffle 22 plate 34. The gap width xw
i s then widehputtimf |ammnne firgd hel 1y 0 aud diacEye Yy Pfyde; dry phase 52
in the centrifuge drum 20. Thus, the maxi mum settable weir gap w dth xw, m-
is that width of the weir gap 33, where wetting of the baffle 5 34 by the
di scharged liquid phase still occurs, and therefore a control of the
dynam c preagsur f | dHfH U oceur. .Thereafter, the weir gap
width xw i s%n?ra.(;lﬁi(t}%loé'% %ﬁ)%%@% oo'fhvea"a’r%}‘macream@b‘?ﬁ%nt ration cTS
in the dr -:Qf r hase 52 unt.i | specified nomnal dry matter
concentra%ﬁgér#% p.[)rﬂfe%sisﬂe(fafé" é’%&%‘%%d”bcﬁ liagragpabivonthe a weir
gap V\ﬁ@th 15 that. is specified taking into account machi ne-technol ogi cal
and produdt™$HEKiSic data, which may be determined using pre-trials.

Further specified are a weir gap width tol erance range around the operating
poi nt as designated with the nunber 37 in Fig. 4b, and a start-up weir gap

Figs. 5a,b show the influent liquid in a sectional view of

various positions of a mechanical liquor weir;

15 Fig. 6 shows a sectional view of a decanting centrifuge

with a pneumatic liquor weir; and
Fig. 7 shows the sequence of the method in a flow diagram.

20 Figure 1 shows a first embodiment of a decanting centrifuge
system subject to the invention. A decanting centrifuge 100
is connected to a feed pipe 11, a liquor line 36 and a dry
matter discharge line 27. The decanting centrifuge includes

a drum drive device for driving a centrifuge drum 20 and a



20 width xw,|. The width of the weir gap width tol erance range 37 is
prefgrably 0.5%to 5% of the maxi mumweir gap Wdth xw, max . 23 The
operating point nay al so be specified to be in the center of the
process-technologically effective travel range of the baffle plate 34, such
that the resulting travel path reserveg,are of equal size in bath
directions. 5 After the start-up of the process as descri bed above, the

optim zati e _process W t he, obj ective of energy conservation

subj ect t0 °§J iér#\}'evn i eﬁ%%%ﬁ%%?l%ﬁﬁ%t%&%%%oﬁ%v 4R2p Wdth xwW
is not wthin the weir gap wdth 10 tol erance range 37. If the weir gap
width is \ﬂ"{‘ﬁi%c’c’he e departing reeiinge ¥hges Irotiteprottssa
continues W t hout energy consunption optim zation through continued feed of
product 13-igMPTdMafithERAt qrn e ddinsttedhesimanal weier-tidjypdreseg  Cont r ol
of the weir gap width is used to react to changes in concentration and
anount, s@svideat3%.he dry matter concentrati on eTS corresponds again to a
specified nom nal value within a short period. 20 If the weir gap wi dth
cannot 5be increased any further because it is close to the maxi mumweir gap
w dth XWmax, the speed of the drumnZ is increased such that the dry

matter CoReRAAltad 2 thes ddy m}%ﬁ/ FOEECIER 1aigeer}i7en.cﬁynato 24 be

increased. This is counteracte a pressure T'ncreas t3¥9%Qui d phase,

which is r ion of t weir gap widih xW Through the steps
of speed ca%#t%‘rac%l lagn}hrag:?;é%jtnu%ené’rﬂecg&q ﬁ'}?a\%& Faf ¥ Rattete baffle plate

of 5 the ir.is, patentiall fter a repeat, again positioned in the weir
gap W dt h%&"@ﬁ‘;‘ﬁ@%’ﬁh& sﬁ¥ ghe <:|iry phaF.)se {:hag is grawn off at

that location. The measuring signal of the sensor device 60

10 is supplied to the concentration signal input 211 of a weir
control device 210. In the first embodimentlshown here, a
weir gap control signal is output at its control output 214
and supplied to the weir adjustment device 35. The design
of the weir control device as a PI control has proven

15 particularly suitable. Due to a high integrating portion,
control deviations can initially be averaged over a preriod

of time such that oscillation of the decanting centrifuge

system is avoided.

20 The measuring signal of the sensor device 60 is also
supplied to the concentration signal input 221 of a speed
control device 220. A signal that transmits the current
weir gap width is supplied to a weir gap width signal input

223, This weir gap width signal can be tapped directly at



However, if the adjusted weir gap wdth xWis below the specified Wir gap
wi dth tol erance range 37, then the 10 centrifuge drum speed nZ is | owered
by orjle speed step value OnZ, Wiich is preferably around 2~ of the maxi num
nom nal speed. Carrying out the method with speed step values ~nZ of 30 to
70 rpmis also possible. It has provenjghat these preferred values for the
speed step values are on the one 15 hand | arge enough to cause energy
savi ngs i L1 du ssd hl,e. On the ot her hand, the size of the
o Eo%egdp 0 E2PEH Uy e I°e°ébtzi°§" Fi9eut30h ek he

change forced onto t cess does Nno

system or totiq:ermnez%atei ve effects. 20 After the speed change, the Wir
gap width XWis Téat vet e At AWl yatne ®f the iz @aremidth on cTS in
the drawn-of f dry phase 52 until it reaches a specified nomnal dry matter

concentration cTS, 0 25 The adjusted weir gap width xXW in turn, is

conpared to the specified Wir gap tol erance range 37. As long as the weir
gap W dt h BoWeverputid de mrefipdnedyde \Wettarntiolee rehiec adtange washr tdup steps 5
- speed reduction, - re-adjusting the weir gap 33, and - checking the weir

gap W @t hwidth by mepeardthg theOpadhidis taieRy A rHUEIY ZAL i1 Widir Pe
termnated. The weir 30 will then be positioned such that it still has

suf fi ci enandeser sepply Mhee ndAdiaiidn® HAtEd Q:etitleﬁocs&%% Leghnal ogi cal Iy
X |

effective range and thus, to change the Weir gap w an(%ange in

t he anobung2an i Jlnl Ofyel i roducf require ch. In
UNR222NEORhbd HRITNO Vo3 1 dhkﬂ%éS%Q@ Iﬁ%ﬂpsf'ué{éfﬁﬂéﬁﬂes su

concl usion, the nethod subject to the invéntion w IFPI d again

using an gy39Rke Wt B & alel bei ng de to Fig.. 7 and Figs. 4a to 4c. 20
The decanti ng systgmqssugjegésg%(% fie r?\r}%ﬁt iR 559 in a conmunal waste

water treatnent plant for drying, concentrating or reducing of the volune
of effluent sludge, which is a mxture of liquids and solids with a dry
matteio ﬁg cont%nt of 0.1 tg 50 g/l. The goal is dewatering to a dry
matt er” cont@nPratPSredTemBrddmeyt) presented in Fig. 2 is different

from the embodiment of Fig. 1 in that it includes a
deactivating device 215 that unlocks the speed control
device 220 only when the start-up phase of the process is
finished and the weir gap width Xy has been adjusted

15 preliminarily by the weir control device 210. In addition,
the deactivation device 215 deactivates the speed control
device 220 after a change in the drum speed until the
impact on the dry matter concentration crg that is to be
measured at the sensor device and that is the result of

20 said change has been compensated for by the weir control
device 210. Thereafter, the speed control device 220 is
again unlocked such that it can carry out a change in the

drum speed when required.



Fig. 4 shows a time line of the drumspeed nX (Fig. 4a), 5 the weir gap
wdth xW(Fig. 4b) and the volune flow of the supplied product (Fig. 4c)
for ghe nmet hod subject to the invention. In the phase designated with "I"
the centrifuge drum 20 is 10 accelerated to a high drum speed that is

wi thin the range of the maxi mum operational and adm ssi bl e speed
corresponding to its design. As shown il Fig. 4b, the weir gap Wdth xWis
increased in 15 a ranp function beginning froman al nost closed Wir gap 33
until theFdGum3 $hiaws \Ehe [ineeniisttrudtainelafime afeddieting tdentiaismaga Xt ur e
that is intended for the operation, the specified drum speed is reached and
a const antl \hlafmechisicuieh @ssentiIASE U ia) ddiftAeGa |dmf rifuge. 20 At
the end of phase "I", which includes steps a) to d) of theezrﬁrﬁe't h%d subj ect
to the i nhelllioan shafite-18d) WS iRHoOwdi i | Wocecurs, until a
specified dry matter concentratlorfog'lgté'}l?s%raé{anccﬁ%g é|,Mrl\'lq'hq"ecg&:drsac\/\ll"ne'-wofl‘!fdj'dry
phase 52. 27 After the re-adjustnent, at the beginning of phase "Il", the
weir gap width xWis checked to see if it is already within the weir gap

wi dt h £ ol n 7, Wi i.s 5 sh in Fig. 4b between the dashed
i nes.g Si %?:‘g t‘c’%é‘rt\%g%?‘g%aﬁrv‘ﬁmdtc"ﬁ Mi”?stﬁqﬁ\'gmhlyoﬁt"am% ato|saARRE band, a
reduction gf. é:he gru%\ speed nZ by a speed step value (err)nZ can be carried
out, whi cROFBEHI £ 4eABAgFany be, Furged Asd gy e drimy dudtvee desiresent r at i on
cTS in thgsdi scharged dry Rhase, which is due to the reduction of the

(cf. Fig. 1) hollow shaft 10, which is supported via

bearings 15, 16 in a rotatable manner at the drum jacket
21, is located inside the cenérifuge drum 20. A fixed feed

10 pipe 11 that ends at at least one inlet opening 12
protrudes into an axial borehole of the hollow shaft. This
provides a connection from the inner borehole to the
outside circumference of the hollow shaft 10. Attached to
the outside circumference of the hollow shaft 10 is a

15 conveyor screw 40 that can be turned using a screw drive
device 457 The screw drive device may also be designed as a
part of the drum drive device 25, for example, by using a
separate gear step. The hollow shaft 10 and the drum jacket
have a concentric arrangement such that an annular space is

20 created between the hollow shaft 10 and the drum jacket 21.
The hollow shaft includes an immersion disk 14 that,
according to the embodiment shown in Figure 1, is located
near a taper of the cross-section of the hollow shaft 10

and the drum jacket 21. The immersion disk 14 is attached



drum speed, is conpensated for through an increase in the weir gap wdth
xw. 15 The steps nentioned above are repeated in phases "IlIl" and "IV'. At
the end of phase "IV', the Weir gap width xWw Il be within the weir gap

wi dth tol erance range 37 after performing the re-adjustnent. 20 Thus, the
speed control device 220 is deactivateqy and the drum speed wi |l not be
reduced further. The weir 30 will now be in a position fromwhich the
decanti ng «£HHd T f i nventj.on can yeact in both directions
to changes in téhg%?ﬁﬁﬁgetg&&#ﬁcelé\}éelgp égl"éap kit bse?%ﬁferé% toward urt her
to increa r val_Qaf ljquid for, products with a low dry matter
concent ratst'?ldetnl.’h l\%eru\igﬁfa%' cllg% S GGG 95 Wler to retain a
certain residual, wet eif_in t he di scharged dry phase for a nore

concent r at @@ S ProuFS* i dFRE 1At & Sisthanqerdip ihefingisleli scharge |ine
systens. Phase "V' of Fig. 4c shows an increase of the supplied anount, for
exanpl e dFEEIMERLENGIFOWRE Lthencanterifuge tianket @howawalr tHdte solig matter
content is low. To keep constant the dry matter concentration eTS of the

di schaf ge Postfdbiei Eogapgrhsi dilurwid icxr stmyninfaitarni |46 ipugLagabdgwmihe

tol erance range 37 in order to be able to draw off nore liquid. 15 The

sequence dhet lemdretthathe taplez@ds aeWa i He Arund W Lk Y ofg Frﬂiz%v ded
rTUSJf %e set

Initially, the centrifuge drumnust start to run and the wel

to a stariith Wdi neddt Wndl Rpokheh Jd21¢d:Pol JdiG filnd LY - PRESE
pened an

m xture into the rotating deCanting centrifuge 1s ¥s, 20 thus,
gradual | yphiddegd. The |iquid phase and the dry phase are continually drawn
off. Using the Weir control device 210 (cf. Fig, 1, 2), the discharge
concentration is controlled to the desired

10 Located at the opposite axial end of the centrifuge drum 20
is a liquor weir 30. The centrifuge drum is closed with a
weir plate 32 that includes several openings that allow for
liquid to be discharged. Located opposite to the weir plate
is a baffle 34 that is attached to a fixed part of the

15 housing of the decanting centrifuge 1 and that does not
rotate with the cylinder drum 20. The baffle plate 34 can
be moved parallel to the rotational axis of the cylinder
drum 20. The width of a weir gap 33 that is generated
between weir plate 32 and baffle Plate 34 can thus be

20 varied even at a rotating cylinder drum 20.

Adjusting the baffle can be carried out via electrical or

pneumatic adjustment devices that can be controlled via a



29 nom nal value via the weir position. During this time, the function of

t he §peed control device 220 is still bypassed. After this bypass tine is
over, the control is unlocked. The optinum operation point of the weir
control device 210 5 is determ ned for the specific application taking into
account machi ne-technol ogi cal and plant-specific data. This | operating
point is the basis for the range in whilgh the decanting centrifuge operates
optimally fromthe viewpoint of process-technol ogy and energy consunption.
Center 10 iwildth adlicyn 10t Ryrof i i, t , the basis for t a
definiti orﬁ a wei fﬂggap Wi dt}%ct%:uefaé\@é@e%%g% é(; %%Pfgxéc’n °p"%§f‘ﬁ on of the
weir is thany ] r fot weir gap width tol erance range.
15 If the con?ﬁ)ﬁ{ﬂpgoiqﬁk%% e Weic?eqelocn?ro device is below this range, the
decanter is running bel ow capacity, and the drum peed that is directly
related to the energy consunption can be reduced by one speed step val ue.
20 If thchontroI6 \r%g.‘l ue |l eaves the range in a positive direction, the drum

speed is t00 6w afdMk® FETH WP ? seranting mantriffingewiitipasition to

the weir gap width toler nce range. 29 nom nal value via the weir
posi tion. ithild ok veite Fihctitorexdfiliites spabotiogd dligies ce 220 is
still bypassed. After this bypass tinme is over, the control is unlocked.

The opti nGhadpelamidh poi inleft dpenirig I3Ntdidedtad Gwakd SHe det er ni ned
for the specific application taking into account machi ne-technol ogi cal and

pl ant - speciehiteidaige. dbins 20 ,0RE A THAGROIHEnd Sdd & Ras t ange in
whi ch the decanting centrifuge operuzii,es optni mal |y from%‘h%t%ﬁ e %(?lrln of

pr ocess-t 862N0Ia0¥haN &Pl henGO RO 110N miGeNnter 10 ition . and w dth of
this range, in turn, are the basis for 1?1n§l§g'f isfﬁ taljhonaoé(; et Yap wi dth

E: g |m§ ;?2 g e ts.([')la %;& \?\%‘P?m%g;) '5:\%:& i tr%%?o toié'x? % r?g'é' otiwgﬁ g%\i'ecihr tihsé 't:t f;e 1 a%%tr?i.rnrghn ed and

10 seal with a total of 4 redirections is formed. Using a
pressure gas line 334, the pressure gas can be supplied to
the liquor channel in the area of the U-shaped bend 333,
where a.hydro-hermetic chamber is formed. The pressure gas
introduced in the bend 333 increases the flow resistance

15 for the liquid phase 54 and increases thus the dynamic
pressure at the liquor weir 330 such that the tank depth x.
increases and the dry matter concentration of the
discharged sludge phase 52 decréases. If too high a gas
pressure is selected, the gas phase will break out of the

20 bend 333 of the channel and collect either in the
centrifuge drum 20 or it will flow to the outside. With a
gas phase that approximately corresponds to the pressure of

the rotating liquid phase in the bend 333, no gas will

enter into the liquid phase 54, such that said liquid phase



15 If the control point of the weir control device is below this range, the
decaqter i's running bel ow capacity, and the drum peed that is directly

rel ated to the energy consunption can be reduced by one speed step val ue.
20 If the control value | eaves the range in a positive direction, the drum
speed is too | ow and nust be raised injgrder to return the weir position to
the weir gap wdth tol erance range. 31 Patent Clains ' 1 A nethod for

i |ddt il i I | i qui d. ph 54
separ ol neah T A0S S SO S LA o 2Lt AT one, L, phase (5

and one dry phase (5 a given dry na Susing a

decant i ng i 00)_ that includes - an annul ar_inmmrersion di sk (14)
that is coa%(ralé;é{legdl%tq%cg]%ha?’tt )‘ﬂ:ﬁ“f PRt 3k feRtnke 2ed t hat
exhibits an out si.de_di ameter that is smaller than the inside dianeter of a
centrifuge “HERh AHLuenfpd, 1f fhe Gas RFRSIUZAICkiemibetwsdn vihd a wei r
gap arranged at the end face of the centrifuge drum (20) that can be used
to draw t feRtigRed Rressys)Llimids t he evetthddiget dehem {r3fdntoonl ddah a
tank depth setting device that can be used to set the tank depth xT of the

| i qui d° ph&se apwpdiieth imotthtee Same Mammeentas fHige BEeHN 2 hed Uthdk tHS,
follow ng steps: j) Start-up of the centrifuge drum (20) to a start-up drum

speed nz, la demdndding reritid furjek Wiep hEé}ﬁrﬁ_c%ﬂh; -&gﬁg%iﬂeept h XT,1; 20
ro

k) Introducing the multi-phase m xture (50) intot ating centrifuge
drun(20) Lilpuokr anadiRg 30f.f T ddoha ¥y Jeﬁ-?t%:lit ugh Lhe al_least one dry
matter di scharge opening (22) and draing o f{l{?ge %quuﬁed“p%%%ras(s‘ﬁg t hr ough
the weir gaRvle33hn also be operated using its sensor 60 and control
devices 210, 220, also together with the decanting

10 centrifuge with a pneumatically adjustable liquor weir 330.

Below, the method subject to the invention will be

explained referring to the drawing.

15 The product to be processed is a multi-phase mixture that
includes at least one liquid phase and one solid matter
phase that does not dissolve in said liquid phase. In the
embodiment of the method introduced here, the objective of
the separation process is to separate the solid matter

20 phase with minimum residual liquid; at the same time,
however, the dry phase consisting of solid mafter and
residual liquid shall still be transportable through the

pPipe system such that it must remain capable of flowing.



32 m) Controlling the tank depth xT corresponding to the dry matter
concqntration cTS in the drawn-off dry phase (52) until a specified nom nal
dry matter concentration cTS,i is reached, using the tank depth setting
device; 5 characterized. by the follow ng steps n) Specifying a tank depth
tolerance range with a | ower tank depthsyxT, U and an upper tank depth XT, o;
n) Conparing the adjusted tank depth xWwi th the tank depth tol erance range

and cont i nuedy Cat 4 of.steps.b) to 10 f) while the tank depth xT is
wi thin the tank diep‘]t"ﬁg‘fv%r]tésr a%’é‘ée?an%%% TFarRtei MhemPrePRIFiRge dr um speed

nZ by a sp 1.8 Vﬂlgéjge (err)nZ at a tank depth xT that is smaller than
the | ower Tank depti 9%, 1B rCPyRRahrasewater | treptnentnshests nz by 15 a
speed step value (err)nZ at a tank depth xT that is greater than the upper
tank depth xT,0: q) Re-adjusting the tank depth xT corresponding to the dry
matter concentration cTS in the drawn-off dry phase (52) until it reaches a
speci fi ed Thehigihingier maumeriDoaguien ted i 105 £ Higld AdmGHDM &, t he
re-adjusted tank depth xT with a specified tank depth tol erance range and

repeat Png meb epsdf fhé oprddustt e iAvkodaBLA. XThyi RbALAST! %?egangzod th
t ol erance range under continued feed of the nulti-phase nixture™( %} into

33 the rotlamitgd &t HHd G i, SGHY M ff_of the liqui hase and the
dry phase (54, 52). 2. A nethdg{jnas set %flgo%&irir? c%earftrﬁ e qshajl’doaoc?'t %’f Z&d in
that a de¢aRfn MHbnEGR | 00) .1 ed with a ljquor weir 5 (30) that
consi sts of @g‘ weir pl atgé (35)(‘1]2\% %ﬁ g?gls%%%%n%h’égo tnﬂﬂﬁ PHPCePPui HReand of
a baffle j a fixed s rt against the weir plate (32) by

f or nmi ng, a@\xg ﬁ’hg(;%%) (5?3?:%5'&? a?)ﬁpaﬂqa&peﬁﬁ\fébl § Feandizifuge (druthe weir plate
(32), and_in.that the .tank depth xT can be |lowered by 10 increasing the

exg'[-"%’ e?ng"-@gh dry mattesr [pncentration cs.

weir gap W
10
With a large difference in density between thé solid and
the liquid phase, solid matter is easier to sediment. In
such cases, the nominal speed nz; can be lower than the
maximum speed nz n.., which is determined by the design. The
15 method can then start at a start-up speed that corresponds
to 0.3 to 0.7 times the maximum speed. In this manner, the
dry phase initially exhibits a higher amount of residual
water. To compensate for this, the method starts initially

with a wide open weir, such that as much liquid as possible

20 can run off.

In any case, at the beginning of the process, the nominal

speed nz, is selected high enough to achieve a strong phase



decreasing the weir gap wdth xW whereby a respective weir gap width
tol errance range with a |ower weir gap wwdth xXWu and an upper weir gap
width xXWo is assigned to the tank depth tol erance range. 15 3. A nethod as
set forth in claim?2, characterized in that half of the nmaxi numweir gap
width xXWmax is selected as the center ogpoint of the weir gap width
tol erance range (37), where the baffle plate (34) is not yet wetted by the
liqui d phasspdMidtadnd Stdli SEHEE 060 i 33), 20.4. A
met hod asa?; forth in claim?2, char a%t%%gg%ﬁgﬁ ﬁa%l‘?%geé\e? tg‘&btbvi dt h xW
adj ust ed ighet | he center point of the weir gap width
t ol erance rggﬁ%ajé;d%ﬁfgdpﬁ%%%hod as set forth in one of the clains 2
to 4, characterized in that in step a) for setting the start-up tank depth
xT,l, a start-up weir gap width xWI corresponding to 0.5%to 5% of the
maxi rrumwg[ir %a%brw dth xXWmaX is 5 selected. . 6. A nethod as set forth in
one of the<l ® the pbidifky % rthedin phase t5R v dflowfandetsei r gap
wi dt h tol erance range (37) between a |lower weir gap width xWU and an upper
weir gap ilRErdRNH Sdhardat @ oftate-upiphaee 19u0Mi 4 Igogh Well ding W Max.
7. A method as set forth in one of the clains 2 to 6, characterized in that
in step dithath&hgeipipeEyse tinh adVlss rdiisotthife siddops Ficdd om@f the
time, as long as a control deviation of the neasured dry nmatter
concent r atthart 1% GES fosyiBe 40 Hdadusl t n?é!&?%{'t | IS i is
nore than 10% 8. A nethod as set forth ?‘trygglizﬁfm 1, ¢ ar%%iée%%adéll%nthat a
decanting Rigid ) S pib. a | Lquo Lr that,includes at |east one
axially stdﬁit chi nédgg%-l% h%%gd i\/%%%f%oé@haﬁ%%?dﬁ?t'ﬂafgﬁ?’ét SeRaratefent
openi ngs that: .ar L anRg t owar ds .t he outer outside circunference of the
| i quor weitar :Nl nd(13’l\f\’/a’{g'rr%ﬂ'aPs reeesfié\%'r’se har W i athtedq thire enda of the
U- shapgd %Q,_nq: of ys form n% S:é{j?ydro- hernmetic pressure chanber, and in that
the tank depthoxT G&t 5% °F RFocess i fhe iy gar weltlpresofr e and can
be | ower e% by reducing_the gas pressure, whereby a respective gas pressure
t ol er ance “PEnY8NFi BRPa 30ver iRddialdys et f0 anc tartuppevajass pressUr e po
is assigned to the tank depth tol erance

is about 0.5% to 5% of the maximum settable weir gap width

Xw,max. Due to the narrow weir gap 33, the pressure in the

annular ring space 26 increases such that liquid 54 presses

15 into the thrown off dry phase 52. The thusly re~thinned dry
Phase 52 is conveyed pPast the immersion disk 14 to the dry
matter discharge opening 22.

The width ratios at the weir are shown schematically in

20 F;gs. 5a and 5b. After the discharge from the weir pPlate

32, the liquid phase 54 is thrown radially towards the
outside due to the high centrifugal forces. With a very
wide opening of the weir gap 33 as shown in Fig. 5b, the

liquid phase is thrown off and no longer wets the baffle



5 range. 9. A nethod as set forth in claim1l, characterized in that the
tank \depth xT that has been adjusted in step d) is selected as the center
poi nt of the tank depth tol erance range. 10 10. A nethod as set forth in
one of the claims 8 or 9, characterized in that in step a) for setting the
start-up tank depth xT,|, a start-up ga3 pressure pl corresponding to 95%
to 99.5% of the maxi num.gas pressure pnax is selected. 11. A nethod as set
forth in of 3he mlai : racf.erized .in.that the w.dth of
the gas p%?sur e toler an%%p %;h(gteﬂcb&e'i \%%eﬁlﬁ% 5'\,:\'-,3?1%13% ‘d&é’éﬁf’r‘? 3 dhe an
upper gas pRfESS i % to. 5% of .t he maxi num gas pressure prmax 12. A
net hod as lﬁ%t forﬁ%d‘ger?ga%f/g tie %ﬁ%iw PRAEQ 192 210 Hhe certFifagen t hat
in step(Ddgdﬁaéqwdﬁ{ess re is lowered as a |linear function of the tinme, as
long as a control’ deWtt i vif 2t satiakieieintgar width my,akd 68 cTS
fromthe ngmnal, dry matter concentration eTS,i is nore than 10% 7 36

13. A net ot idhh 1qf thhe vejie gap 13 others Wetwind, of heie®brEzed i n

t hat the maxi mum adm ssi bl e and desi gndependent speed nZ, max of the

decant Png ekt itheyelisiGirgesi Selarid lamsd het St Rrdcatprs WRgpPeed nZ, 1. 5
14. A nethggn?s set forth in one of the clains 1 to 12, characterized in

t hat t he sthexefigredraimamed R Itlié il t t4 . t he

maxi nrum adm ssi bl e and design-dependéﬁ?ispee %E?%kﬁ%(ﬁ¥£#é}c&i§§%%ng
centrifugeh@addd)can Hecllz:. A nethod as set forth in one of the clains 1 to
14, characterized in that the speed step value (err)nZ corresponds to 1%to
3% of the maxi mum adm ssi bl e and desi gn-dependent Speed nz, max 16. A net hod
as set forth in one of the clainms 1 to 15, 15 characterized in that the
speed ste r iis.30 ... 70 . revolutions per mnute. 17. A

decant i ng&(l:'ﬁeé?telril%ft&%é )stelét R0 TA G Ay ERecRBERSA18d set forth in one
of thf0C|%B§§ 1 to 16, with at |east the follow ng individual parts: 20 - A
decanf i ng centeFPP&&é'nﬂ 36) tbssrYsa@tder conaestimatisimafdrs (46) thaat

i ncludes at | east _one feed pipe (11) | ocated inside said shaft;
rawn-off dry phase 52 until a specified nominal dry matter

concentration cqg,p.

Defined as a desired point of operation is a weir gap width
15 that is specified taking into account machine-~technological
and product-specific data, which may be determined using
pre-trials. Further specified are a weir gap width
tolerance range around the operating point as designated
with the number 37 in Fig. 4b, and a start-up weir gap
20 width Xy,1. The width of the weir gap width tolerance range

37 is preferably 0.5% to 5% of the maximum weir gap width

Xw, max -



- rifuge drum (20) capable of rotating around the hollow shaft (10)
anﬁ C(ra(r)]t/idedgvm'th at(le;st gne dry 37 matter discharge opening (22) that
i's iﬁserted inits drumjacket (21) ; - An annular imrersion disk (14) that
is at its inside circunference connected to the hollow shaft (10) and that
5 has an outside diameter that is smallgr than the inside diameter of the
drumjacket (21); - At least one liquor Weir with a Weir gap arranged at

tri r he, | i qui d_phase. (54) can be di scharged
wgmcteﬂergfe%%%%g}ﬁ?ﬁ?%? rﬁ‘# ot °g%?as %‘b’,l‘(te’é%gaﬁ%l ]i_?r\‘n”Hf'P??%llnkqd_egt h
' dey] h an be used to set the tank depth xT o e liqui
Bﬁ;tslantg ha?é/ér’g‘feea‘{ e%i%‘? REERT T T FecRr ot st ey efge%*ém@rtmw& (200) for

urenent of the dry matter concentration eTS in the drawn-off dry
:)Egsrem ?gz)fa’i%eaﬁ% they Raffle piate by sech 2tlpyt fore codubtingg the tank

travel path reserves are of equal size in both directions.

After the start-up of the process as described above, the
optimization of the process with the objective of energy
conservation subject to the invention begins as long as the

adjusted weir gap width xy is not within the weir gap width

10 tolerance range 37.

If the weir gap width is within the weir gap width
tolerance range 37, the process continues without energy
consumption optimization through continued feed of product
15 and drawing off of the liquid phase and the dry phase.
Control of the weir gap width is used to react to changes
in concentration and amount, such that the dry matter
concentration cys corresponds again to a specified nominal
value within a short period.
20
If the weir gap width cannot be increased any further
because it is close to the maximum weir gap width Xw, max s
the speed of the drum n; is increased such that the dry

matter concentration cps in the dry phase has a tendency to



depth XxT corresponding to the dry matter concentration cTS. characterized
a speed control device (220) for controlling the drum 20 speed nZ
corrésponding to the tank depth xT and to the dry matter concentration cTS,
using a concentration signal input (221), a tank depth signal input (222)
and a speed control signal input (224) 4 38 18. A decanting centrifuge
systemas set forth in claim1l7, characterized in that the decanting

trif réxdd it 0) that is located in the
gﬁgulr;ru??)néllg?ace thcgllt 1?351681‘ ?Qvﬁd'ﬁrie?ﬁégecﬁ%%%%oﬂ%ﬂ?iﬂﬁ? Fn¢ge3sand t he

centrifug 0 iy that. said conveyor. screw i s rotatable together
with the ﬁ'orFI oW slﬁlch %f%} ’ E}é’céé\ﬁ'%p%ae‘b"% by# Fedeptien ref stiei n

rel ation to t he drum speed nZ by a_differential speed ins. 19. A decanting
centri f uge EyFst%R d’s"‘i Hior tTFi‘rPHg@I &b® Preps of BPeecharadirl zed i n t hat
the liquor weir (30) consists of a weir plate (32) with at |east one Iiquor
openi ng arf® Fdinsisente off fthe (WBr tgest wizltxi atHe/ ksapfiDs tieTatd S fi xed
manner by forming a weir gap (33) inrelation to the weir plate (32) and
that cln Bhenwedd @e aldotenthi20ly Afienani irgpaan] rddamne 1§g/§$@{g@§dset
forth in claim17 or 18, characterized in that the |iquor weir (330)

i ncl udes &in [thastwetne gap atildtls tdcliddinie Admfappd | i quor channel with
inlet and an outlet openings (331, 332) that ‘are arranged in the direction

of the outside circunferences of 20 the liquor weir (330), and where
pressure gas can be introduced in the area of a U shaped bend (333) via a

PressUre Bt (ke WiSisld Yol 3LV LGS ISP charer

specified weir gap width tolerance range 37, then the

10 centrifuge drum speed n; is lowered by one speed step value
Anz, which is preferably around 2% of the maximum nominal
speed. Carrying out the method with speed step values An,;
of 30 to 70 fpm is also possible. It has proven that these
preferred values for the speed step values are on the one

15 hand large enough to cause energy savings in as short a
time as poss;ble. On the other hand, the size of the change
forced onto the process does not yet lead to oscillation of

the system or to other negative effects.

20 After the speed change, the weir gap width x; is re-
adjusted according to the dry matter concentration Crs in
the drawn-off dry phase 52 until it reaches a specified

nominal dry matter concentration Crs,0.



. A decanting centrifuge systemas set forth in one of the clains 17
?g gl, characteriged in tha? the speed control device (220) during the
control of the tank depth xT by the weir control device (210) can be
deactivated 5 until a specified dry matter concentration cTS is reached
using a deactivation device (215). 22. A decanting centrifuge system (100)
as set forth in one of the clains 17 t8521, characterized in that the weir
control device (210) is a Pl or a PID control device. 10 23. A decanting
cent ri f ug&hey Adims(tED wesisr 3ptp Moirdth ixy, 088 @lurhhe igl dbiBalld 2o22he .
characterized in that the speed control device (220) is a step control that

. P ey ; i i I ji.nput
i ncl udes sptegrilf icdepiwe iy @al Holddardee’ Dangd PNCHY '3 ss”gpga weilP
(221) and a speed control signaL ouhpyt ( 24)].c ig@Zgi ﬁig%igntgngB
centrifug sietBh 30k sasuss8liaboihl WBi2N§aBf wi me 1719 23
character?ggﬁ in that the tank depth S|gna§_?nput PZ&%} 57 ERe ?B?ﬁd -
control dew cene?2Qh¢ the weir control signal output (214) ? e we
control devi'ce (210 re connected directly to one another. .Alfy. Ay f

. ASe. AS 'AS%Rfééy@' @I%Eél (f .Afe. AF(y?. AY(fe. AS. AY(Se. Al , . AFy . A3N Al

. AF(9. AYN@ . A3, E . cf AR T, AY(f

.AF&.AF(QI.AFSe.Any.A@DA A3Sy. AYNSe. AY( S. Al . ASu@%b AFe. AYS

- re-adjusting the weir gap 33, and
- checking the weir gap width

will be repeated.

10 Otherwise, energy optimization will be terminated. The weir
30 will then be positioned such that it still has
sufficient reserves to move the baffle pPlate in the
pProcess-technologically effective range and thus, to change
the weir gap width xy, if a change in the amount and/or

I5 composition of the supplied product requires such.

In conclusion, the method subject to the invention will be
explained again using an example with reference being made
to Fig. 7 and Figs. 4a to 4c.

20
The decanting system subject to the invention is used in a
communal waste water treatment plant for drying,
concentrating or reducing of the volume of effluent sludge,

which is a mixture of liquids and solids with a dry matter
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supplied product (Fig. 4c¢) for the method subject to the

invention.

In the phase designated with “I”, the centrifuge drum 20 is
10 accelerated to a high drum speed that is within the range
of the maximum operational and admissible speed

corresponding to its design.

As shown in Fig. 4b, the weir gap width xW is increased in
15 a ramp function beginning from an almost closed weir gap 33
until the drum is fully filled with the volume of the
multi-phase mixture that is intended for the operation, the
specified drum speed is reached and a constant volume
throughput is present in the decanting centrifuge.
20
At the end of phase “I”, which includes steps a) to d) of
the method subject to the invention, a re-adjustment of the
weir gap width xy occurs until a specified dry matter

concentration cpg is reached in the drawn-off dry phase 52.
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a low dry matter concentration. However, it can also be

closed further in order to retain a certain residual

wetness in the discharged dry phase for a more concentrated
5 product, which will brevent clogging of the discharge line

systens,

Phase “W” of Fig. 4c shows an increase of the supplied
amount, for example due to rain showers. At the same time,
10 however, the solid matter content is low. To keep constant
the dry matter concentration c¢rs of the discharge, the weir
gap width xy is significantly increased from the tolerance

range 37 in order to be able to draw off more liquid.

15 The sequence of the method is also shown in the flow
diagram of Fig. 7: Initially, the centrifuge drum must
start to run and the weir must be set to a start-up weir
gap width. Then, the feed line of the multi-phase mixture
into the rotating decanting centrifuge is opened and is,

20  thus, gr#dually filled. The liquid phase and the dry phase

are continually drawn off.

Using the weir control device 210 (cf. Fig, 1, 2), the

discharge concentration is controlled to the desired
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After this bypass time is over, the control is unlocked.
The optimum operation point of the weir contro; device 210
5 is determined for the specific application taking into
account machine-technological and plant-specific data. This
operating point is the basis for the range in which the
decanting centrifuge operates optimally from the viewpoint
of process-technology and energy consumption. Center
10 position and width of this range, in turn, are the basis

for the definition of a weir gap width tolerance range.

The current position of the weir is then determined and

compared to the weir gap width tolerance range.

15
If the control point of the weir control device is below
this range, the decanter is running below capacity, and the
drum speed that is directly related to the energy
consumption can be reduced by one speed step value,

20

If the control value leaves the range in a positive
direction, the drum speed is too low and must be raised in

order to return the weir position to the weir gap width

tolerance range.
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"10%&I()_biven, a check is made whether the weir control device is
compensating, that is, whether the discharge concentration
5 corresponds to the nominal value. If this is the case, then
the drum speed will be adapted. If the control difference
- is too big, initially the dry matter concentration Cps must
be adjusted and the drum speed must be adjusted in a
subsequent step.
10
Changing the drum speed may result in a new operating point
for the continuously active weir control device. This
operating point must be determined by the control and must
be approached. For this burpose, a recovery time for the
15 control starts. The cycle that will lead to the
determination of the weir gap width tolerance range and to
a renewed comparison of the of the weir pPosition with the
tolerance range will start again at the end of said

recovery time.
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! 1 A method for separating a multi-phase mixture (50), into
-at least one liquid phase (54) and one dry phase (52) with
a given dry matter concentration Crg
5 using a decanting centrifuge (100) that includes
~ an annular immersion disk (14) that is connected to a
shaft (10) at its inside circumference and that exhibits an
outside diameter that is smaller than the inside diameter
of a centrifuge drum (20) ; and
10 - at least one liquor weir (20) with a weir gap arranged at
the end face of the centrifuge drum (20) that can be used
to draw the liquid phase (54) from the centrifuge drum
(20) , and with a tank depth setting device that can be
used to set the tank depth x; of the liquid phase that
15 rotates in the centrifuge drum (20),
using the following steps:
j) Start-up of the centrifuge drum (20) to a start-up drum
speed nz,;, and setting the tank depth xr to a start-up tank
depth Xe,17
20 k) Introducing the multi-phase mixture (50) into the
rotating centrifuge drum (20) ;
1) Drawing off the dry phase (52) through the at least one

dry matter discharge opening (22) and drawing off the

liquid phase (54) through the weir gap (33);
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matter concentration cpg in the drawn-off dry phase (52)
until a specified nominal dry matter concentration Crg,1 is
reached, using the tank depth setting device;
5 characterized_by the following steps
m) Specifying a tank depth tolerance range with a lower
tank depth x;,y and an upper tank depth Xg o,
n) Comparing the adjusted tank depth x; with the tank depth
tolerance range and continued carrying out of steps b) to
10 £) while the tank depth x; is within the tank depth
tolerance range;
P) Raising the centrifuge drum speed n; by.a speed step
value An; at a tank depth x; that is smaller than the lower
tank depth xr .y, or lowering the centrifuge drum speed n, by
15 a speed step value An; at a tank depth x; that is greater
than the upper tank depth X7 0/
d) Re-adjusting the tank depth =x¢ corresponding to the dry
matter concentration cps in the drawn-off dry phase (52)
until it reaches a specified nominal dry matter
20 concentration Crs,0;
r) Comparing the re-adjusted tank depth x; with a specified
tank depth tolerance range and repeating steps f£f) to i) if

the tank depth x; violates the tank depth tolerance range

under continued feed of the multi-phase mixture (50) into
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the rotating centrifuge drum and drawing off of the liquid
phase and the dry phase (54, 52).
" 2. A method as set forth in claim 1, characterized in that
a decanting centrifuge (100) is used with a liquor weir
5 (30) that consists of a weir pléée (32) with at least one
openigg for liquids and of a baffle plate (34)'ﬁit£ a fixed
sﬁppo?f against the weir plate (32) by forming a weir gap
(33) and axially movable in relation to”the ﬁeir plate
(32) , and in that the tank depth xr can be lowered by
10  increasing the weir gap width xy and can be raised by
decreasing the weir gap width Xy, whereby a respective weir
gap width tolerance range with a lower weir gap width xy,y
and an upper weir gap width Xy,0 is assigned to the taﬁk
depth tolerance range.
IS 3. A method as set forth in claim 2, characterized in that
half of the maximum weir gap width xy nax is'selected as the
center point of the weir gap width tolerance range (37),
where the baffle plate (34) is not yet wetted by the liquid
phase (54) that is discharged through the weir gap (33).
20 4. A method as set forth in claim 2, characterized in that
the weir gap width xy adjusted in step d) is selected as
the center point of the weir gap width tolerance range

(37) .
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5. A method as set forth in one of the claims 2 to 4,
characterized in that in step a) for setting the start-up
tank depth x;,;, a start-up weir gap width xy,; corresponding
to 0.5% to 5% of the maximum weir gap width xy g.x is

5 selected.
6..A method as set forth in one of the claims 2 to 5,
characterized in that the width of the weir gap width
tolerance range (37) between a lower weir gap width xy,y and
an upper weir gap width xy o is 0.5% to 5% of the maximum

10 weir gap width XW,max. -
7. A method as set forth in one of the claims 2 to 6,
characterized in that in step d), the weir gap width xy is
raised as a linear function of the time, as long as a
control deviation of the measured dry matter concentration

15 eps from the nominal dry matter concentration Crs,1 is more
than 10%.
8. A method as set forth in claim 1, characterized in that
a decanting centrifuge is used with a liquor weir that
includes at least one axially stretching U-shaped liquor

20 channel with inlet and outlet openings that are arranged
towards the outer outside circumference of the liquor weir,
and where a pressure gas can be introduced in the area of
the U~shaped bend, thus forming a hydro-hermetic pressure

chamber, and in that the tank depth xr can be raised by
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' tolerance range with a lower gas pressure py and an upper

gas pressure po is assigned to the tank depth tolerance

5 range.

9. A method as set forth in claim 1, characterized in that
the tank depth x; that has been adjusted in step d) is
selected as the center point of the tank depth toleranée
range.

100 10. A method as set forth in one of the claims 8 or 9,
characterized in that in step a) for setting the start-up
tank depth xy,;, a start-up gas pressure P1 corresponding to
95% to 99.5% of the maximum gas pressure pp.x is selected.
11. A method as set forth in one of the claims 8 to 10,

15 characterized in that the width of the gas pressure
tolerance range between a lower gas pressure py and an
.upper gas pressure po is 0.5% to 5% of the maximum gas
pressure ppay.

12. A method as set forth in one of the claims 8 to 11,

20 characterized in that in step d) the gas pressure is
lowered as a linear function of the time, as long as a
control deviation of the measured dry matter concentration

crs from the nominal dry matter concentration Crs,1 is more

than 10%.
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characterized in that the start-up drum speed n;, is
selected as 0.5 to 0.7 times the maximum admissible and
design-dependent speed Nz,max Of the decanting centrifuge
(100).

10 15. A method as set forth in one of the claims 1 to 14,
characterized in that the speed step value AnZ corresponds
to 1% to 3% of the maximum admissible and design-dependent
speed nyz gax-

16. A method as set forth in one of the claims 1 to 15,

15 characterized in that the speed step value AnZ is 30 .. 70
revolutions per minute.

17. A decanting centrifuge system for performing the method
as set forth in one of the claims 1 to 16, with at least
the following individual parts:

200 - A decanting centrifuge (100) comprised of:

- A hollow shaft (10) that includes at least one feed pipe
(11) located inside said shaft;

- A centrifuge drum (20) capable.of rotating around the

hollow shaft (10) and provided with at least one dry



10!\ \ | \ |
\1/9#%00/&9()- | SY' #10%! () - P¥10%: () -Sd~94 [ Or SIXI | N $- #10%& () - V1 S’ $- #10%: () -
YL @#10% () - #10% ()-!S #10% ()- S#10%8& ()-9Txyz{~_hrP1X, "10% ()- !,
"10%& ()- y@O%& ()- 10 10 10'S |, #10%& ()- 'kl ,#10%& ()- hT>azx9. 1

10s1! 109& ()- !y3l #109%& ()- T! K 37 | |
31 #10988¢& 8 T! 31 #10%me! () - T- #10% () -1S-#10% & () -1 1} HL

10s1! 1! t SHlDOer d)scHAfde jﬂ:@uﬁ) &io';é ]'jq/égﬁ. QPT g}(%j()%%é% P10 c@ 10

Y7HL 10! Pl & $10%KK P&s . |
;Pg'vglo%s%& 33#100/&' ()--1 aPSH10%& ()--VI uv7 103 10%& ()- 3s10% () -
Y 109& ()- fSlO%&ﬂ} 10vv 10vv 10vv! Pl & $10%vé& ()-: 1 SdEuv7 103 L

LO%& () - Z31 QU Johid . A5 GLO%K () - (@)10%& () G

¥ immer'sion that 'is at its inside
circumference connected to the hollow shaft (10) and that
5 has an outside diameter that is smaller than the inside
diameter of the drum jacket (21);
- At least one liquor weir with a weir gap arranged at the
centrifuge drum (20), where the liquid phase (54) can be
discharged from the centrifuge drum (20) through said gap,
10 and with a tank depth setting device that can be used to
set the tank depth x, of the liquid phase that rotates in
the centrifuge drum (20) ;
- A sensor device (200) for the measurement of the dry
matter concentration cps in the drawn-off dry phase (52);
15 and
- A weir control device (210) for controlling the tank
depth x. corresponding to the dry matter concentration Crs,
characterized by
~ a speed control device (220) for controlling the drum
20 speed n, corresponding to the tank depth x; and to the dry
matter concentration cgg, using a concentration signal
input (221), a tank depth signal input (222) and a speed

control signal input (224).



, 109 ()-3UdEuV7 103° $109%& ()-"10% ()-F 109%& ()-Z 10% ()- 10% ()-
@ 109& 8-YRdEuV7 103" IMLO%! () - GYy/ " 109%&' () - - 310%' () - 3F+10%’ () -, )
109&’ () - Z& 109%& ()-3": @10 , F#109% & ()-!, F#109%& ()- S@O0% ()- 10 10
105109& () - 3109& ()-1: Z4r XzX6_@ 10! N |

Y& #10%33(33&' ()-!pY& #10%& () - PHLO% () - B@LO%& ()-! aP- #10%& ()-!f-#10%
& ()-1TuT2 11 NP#109&' ()- X#1098 & ()- , 4" 10%& ()-!,4"10% i & ()-f 10%& () -

8 1088 1083 i e { fug e flOBari {4 - - im. 17,
,125\34 10% & () - K (‘)'?‘Arﬁ‘%ﬁi%%/&‘%% > 0% ()2 Nor nalt R R F Y Sl T

" [ “aq ' S [ v ' A, ing 63]c"
. ead hg %ﬁrm‘ﬁ}}gﬁ% %g} e ad:&r:ég]c%gﬁn% & 95%@099)23?%0% o
/18(-! 2692:80H:Q VX SIS IR RARS - 2y 72T Roheot 11 281,

annular ring space that is formed between the hollow shaft

5 (10) and the centrifuge drum (20) , and in that said
conveyor screw is rotatable together with the hollow shaft
(10) at a screw speed ng, which can be raised in relation
to the drum speed n; by a differential speed Ang.

19. A decanting centrifuge system as set forth in claim 17

100 or 18, characterized in that the liquor weir (30) consists
of a weir plate (32) with at least one liquor opening and
of a baffle plate (34) that is axially supported in a fixed
manner by forming a weir gap (33) in relation to the weir
rlate (32) and that can be moved axially.

15 20. a decanting centrifuge system as set forth in claim 17
or 18, characterized in that the liquor weir (330) includes
at least one axially stretching, U-sﬁaped liquor channel
with inlet and an outlet openings (331, 332) that are
arranged in the direction of the outside circumferences of

20 the liquor weir (330), and where pressﬁre gas can be
introduced in the area of a U-shaped bend (333) via a
Pressure gas line (334), thus building a hydro-hermetic

pressure chamber.
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21. A decanting centrifuge system as set forth in one of
the claims 17 to 20, characterized in that the speed
control device (220) during the control of the tank depth
Xy by the weir control device (210) can be deactivated

5 until a specified dry matter concentration cpg is reached
using a deactivation device {(215) .

22. A decanting centrifuge system (100) as set forth in one
of the claims 17 to 21, characterized in that the weir
control device (210) is a PI or ; PID control device.

10 23. A decanting centrifuge system (100) as set forth in one
of the claims 17 to 22, characterized in that the speed
control device (220) is a step control that includes a tank
depth signal input (222) , a concentration signal input
(221) and a speed control signal output (224).

15 24. A decanting centrifuge system (100) as set forth in one
of the claims 17 to 23, characterized in that the tank
depth signal input (221) of the speed control device (220)
and the weir control signal output (214) of the weir

control device (210) are connected directly to one another.



