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DESIGN AND MODELLING COF SELF WIPING TWIN SCEEW
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Summnary. The paper presents fundamental knoarledze of desizn and modelling of the most popalar type of
food extraders, which are used in feed and food sectors. Mass Hoar fecry and process pleromena ae givento
better und erstand the action of these extrders and its application possibilities.
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INTRODUOCTION

Lun iraportant difference be tween closely interrveshing and self wiping twin serew extuders
iz the waythe screws fit into each other. In self wiping extuders the screw geometryis such, that in
the plane through bothserew axes there is averyelose fit betueenbothscrews (Fig. 1), This requites
a special geometry with, as a consequence, a very laige tetrahedron gap between the “charabers™
D to this special character of most self wiping extruders the C shaped charber concept has to
be abandoned; a raodel based on continnous channels canbetterbe wsed. Therefore, the self wip-
ing extruder acts more as a drag porap than as a displacernent purep. Each time when the material
changes srrew during its transport through a chanre] there exists a certain flow restriction. This can
ghve an extra pressure banlt up, which is howeser in general very minnte and for practical porposes
thiz effectis often neglected.

Fiz. 1. Tearsport elerents in aselfwriping eximder
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Serews of self wiping extuders consist of one, fwo or three thread starts. At an increasing
tnrnbet of thread starts the distance betreen the sorew axes has to increase and as a consegue hee
the roaxiraumm chanmel depth decreases, which in tom influe nees the razireal thronghynt per screw
rotation. For this reason extuders with four or more thread starts are not cormmon. Becanse there
hardlsy exist any parallel planes close to each other in the georme tor of self-wiping rnac bane, a rouch
higher rotational speed can be chosen for thern than for close Iy interrneshing twin screw extruders.
Combined with the shallow channels thiz leads to a high average shear level, which is in practice
five to ten times higher than i closely interrneshing machines. The shear lesels can be  firther
mereased by the use of so-called raxing or kreading elerments. Changes in the angle hetween these
elemments deterraine the kneading action as will be seen later.

FUNDAMENTALZ OF 3CREWS" CONFIGUEREATION

Screw geomeiry

Because the screws havee to fit closelyin the plane fheough the axes, the degrees of freedom in
sorewr geotne iy are very liraited. Tne to the recpuivement of close fitting ina cross section perpen-
dicular to the aves, the surface s of the screws rnst always (hearly) tonch. This is shown in Figure 2.

JHiw)
Fig. 2. Cioss secton theough the scmwrs

The channel depth as a function of the angle ' canbe writter in its most elermentary form as:

H[w)=R{1+cuswj—q‘c? - Flanty, iy

where: ¢ i the centre line distance. Mvbre complicated georaetnes exist with different radu of
curvature to obtain geornetries with a lavger fight width or deeper charmels. The cross s ction of
the screw elerents is the satre as the cross section of the kreading elements. If building upextra
pressure is required, elerents with a more narvow pitch (paraping elements) are wsed. Nearly all
self-wiping extroders consist of screws with separate screw elernents and, depending on process
requirernents, different sorew layouts canbe constructed.

Transporting elements
The transporting elemerts ina self wiping extruder can, similarly to single screw extruders,

be rodelled by a cavmel with a plate mwioving ovver it and their working is again basically by drag
flow, The throughpt can therefore be expressed as:
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Q=[m-%]ﬂi‘ﬂ ~(an-1)5 2y, @

Where: & and B are geornefrical pararaeters and mois the raaber of tread starts per screw. The
st coranon value for mis two or theee, where extuders with double tread starts (m = 27 have a
larger throughput and triple start screws (rn=3) exerta higher shear on the material. The correction
factors £, andf account for the curvature i the channel.

It can be seen that also for self-wiping transport elernent the thronghpt can be divided into a drag
cornponent and a pressure cornpone ut which, under the asmmwption of Mewtonian rheology are not
interrelated.

Elemenis for huilding up pressure

B constructing screws with a large overlap in the interrneshing region the pressure building
up abilities can increase considerably In the liniting case the self wiping peofile will be lost and C
shaped charabers will emerge. Fizure 3 shows these so called pressure building up elements. The
pitch 1z generally choser swmaller than in travsport elements. & model based on C shaped charrbers
leads to good results for this type of elements.

Fig. 5. Pres nare generating elements
EKneading elements

The third type of elerents present in self-wiping twin screw extuders is the kneading ele-
ments (Fig. 4). These elements consist of koeading discs that have the sarne cross-sectional shape
as the transport elements. The angle hetween the individual kreading dises, the so called stagger
angle, deterrnines the kneading action. Stagger angles of 30, 60, 90, 120 and 150° are frequendly
used. The last two angles (120 and 150% are also soraetiraes referred to as -60 and -30°. Asa general
mile it canbe stated, that the lavzer the angle betaeer the dises (30, 60, 90, 120, 1500, the larzer the
kreading action, but this of course alzo results ih a lavger energy dissipation in the elerent. Also the
pressure dropover the kreading element is dependant on the stagger angle . &t roderate throughgnts
& kneading element with a stagger angle upto A0 can still build up some pressure, inall other sit-
ations a pressure 15 needed to transport the polyrner floough the elernent. This dependence on the
stagger angle canbe understood if we consider the kneading elernent as an interrupted screw flight.

At angles of 30 and 60" there exists a certain puraping action that depends on the rotational
rate. At larger thronghpmts, the pressure drop over the element will decrease or, as stated, evenbe-
corae negative . In kneading ele ments with a stagzer angle of 90° the puraping action is absent. This
implies that the pressure needed to puragp the polyme r throngh the kreading element iz independent
of the rotation rate but proportional to the theoughpat. &t stagger angles larger thay 90 degrees the
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kreadivg element acts as a sorew elerment with reversed pitch. The tansport elerments in front of
the kneading element have to pammp against the reversed purping action of the kreading element
and high shear levels and large enersy dissipation will be attained. Figure 5 shows an example of
the pressure drop over the kneading elermernts as a function of the stagger angle at two different
rofation rates at large and at small throughpt. &t increasing throughpmt the carves will be shifted
uprrard, resulting in higher pressure drope at large stazzer angles and a disappearing of the pressure
gerieration at low stagzer angles. For reactive extrusion the kneading elements have two fune tions:
the wirmproe the mixing and, as will be seen in the next paragraph, the v increaze the filled length
i front of the elerment and therefore the hold-up n the extroder-reactor.

Fz. 4. Eneading elemernts
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Fig. 5 A possible sopeer lay-oat axd the pressare pandile. At locaton A material canbe added or eroved

The fully filled length

Similar to closely interrneshing twin screw extuders, in self-wiping extuders different re-
gions can be disingmished where the screws are fully filled with material or only partially filled.
Ligain in the il filled region pressure is built up, in the partially filled zone the pressare gradient
equals zero, This implies that a fully filled zone moust be present before the die and before pressure
consmring kneading elemernts. The length of these zones before the die (L) and hefore a kneading
section (L) can be simplified to:

I.* = 4 ]
ki AN - BV
_AQ+RN
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The eguations above can be nsed to guantifiy the mflvence of different exbusion pararneters
ot the filled length. Stiking iz that the filled length in front of & kneading section is indepe ndent
of viscosity, This iz due fo the sitplification we have made in assuming an iso-viscons process: if
the wiscosity changes, a relative viscosity factor has to be introduced. The fact that the filled length
15 independent on the ahsolute walue of the viscosity can be understood i we realise that hoth the
pressure generating abilities of the transport elerents as well as the pressare drop over the kneading
elemments are proportional to the wiscosity: the absolute viscosity therefore bias no influence on the
length of the fully filled zore . Idoreower the equations showr that if we change the rotational speed
and the thronghymt in the sarme wawyy or in other words we keep the relattve fheonghymt constant,
the fully filled length does wot change . If the throughpmt ivcreases at constant rotation speed the
filled lerzth will increass and if the rotation rate increases at constant throughpnt the filled length
decreases. Finally an increase of the stagger angle in kneading elernents (increasing B will alao
increase the filled length. Bpplication of kreading elements with a more severe kneading action
(larger stagger angles) will not only increase the kneading action in the elements themseles, buat
will also result ina larger filled length resulting in extra miving. Figure 5 shows an exaraple of
the pressure profile ina screw, consisting of transport elements, followed by pressure built up ele-
ments, a kneading zone, transport elements and finally pressure buildivg up elements before the
die. &t location & the material is pressureless and the chanmel 1z not necessarily full v filled. This
location can'be used for instance for devolatilization or for an easy feeding of an extra cormponent.
Homwewver, it shonld be realized that at inereasing thronghpt the filling of the e xhmder increases and
the pressureless zone will disappear

THE MATHEMATICE OF EXTRUSION

Because the working of self-wiping twin serew extruders is maindybased on drag in an open
channel, the equatione detived for single screw extrusion can be used. Cordbination of drag fow
and pressure flow in ove single channel leads to an eguation for the thronghpnt per channel:

1 WH; dF
=-WHU{ -——1¢.
Q=sWHILL-T 7 &
Here: £ and f, are conection factars for the chanmel geometsr and H is the maximum channel
depth. fi case of rectangular screw charmels the correction factors can be caloulated analytically
for the complex geornetry of self wiping extuders they can be approximated or caleulated roorve-

tically The nuaber of paralle]l channels in a screw with m thread starts equals 2m-1. This leads to
a throughymt for a self wipimg twin serew extruder oft

Q-[m—lz]wmu fu- (Emrlllfﬁg £ (%)

Lupert fror this, an extra pre ssure building upwill occur in the interraeshing region. This can
be expressed by means of a correction factor «, that is a function of the relative fow area in the
interrneshing regior, leading to the final equation:

()

1 : dp
Q-[m-3 VR, 4 (2m ) o & (&

in practical situations this factor + 1s close o one and its influence is often neglected. For
shallow channels the shape factors £, and { canbe approximated by
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The pressure gradient in the fully filled zones canbe caleulated from the equation for the throng byt
and ecuals for an len-viscous process:
AP _dF_[WH,
Z & |2
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Lz a consecuence the fully filled length before the die in axial direction is

L;= Fmng= WH <WH, £.P Q ain g ey
lzﬂ{—z'l[#NDmf] fp —m}
For kreading eleraents the pressure drop can be written as:
AF = p{ a0 + EBN, (10

inwhich & and Bare georne trical constants and £ denote s the depende nee of pressure on the stazger
angle. £ is negative for angles saller that 90°, zero for 90" and it incre ases with increasing stagger
angle. If the pressure is zero after the kreading element, indicating a parfially filled zone in that
region, an expression for the filled length in front of the kneading element canbe obtained:

7= |:2m—1:|*|:ﬁQ+.§ E'le "CWH:i; (123
[Im—ljﬂfﬂﬂ[sl'mmﬁ fp,—.‘IQ 5
ohtained from:
Li= Zsing. {13
COWNCLUSION3I

Nowadaye tein sorew food extruders becare more popular due to their high efficiency and
wide application. Specific for twin screw food extruders is the occurrence of a flly filled zone
and a zore where the screws are only partally filled with material. The operating conditions and
screw geommetry deterroine the length of the fully filled zore and as a conssguence the hold-up in
the reactor Completing screw geotmetry and process conditions, the operator can create products’
properties accordingly to the expectations. To achiewe that the extruder has to be equipped with
many addiional devices e.g. a conditionet, a steam generator, a chillier, ligmd doze rs andfor went-
ng wvalves (see Fig. é).
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Syrebol list:
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Fiz. & Modem co-mtating terin seresr food extrader

apex angle

angle

degree of charaber or chanmel filling

flizht zap width

preasure correction factor for the interrneshing zone
calender gap width

pressure factor for kneading elements

screwr angle

tetrahedron width at the chanmelbottom

wilarogty

pressure difference

total of leakage fowws

Zeotnetry parame ter

charabe  width

geometrical pararneter

distance bebaeen aorew axes

screw diarmeter

drag flow correction factor single screw extruder
pressure ow comection factor single serew extruder
drag flowr correction factor self wiping extrnder
pressure How comection factor self wiping extruder
drag flowr correction factor non intertne shing extrmder
pressure flow correction factor non intenweshing extroder
gravitational acceleration

chanmel depth

maxiraur channel de pth

Jeffte v nuber

filled length in axial divection

mumber of thread starts of one screw

rotation rate of the screws

pressure

dirensionless pressure
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o dirnensionless thronghymnt -
Q. 0.0 0 leakage flow through the flight gap, calender zap,

tetrakedron gap and side gap 1l
Q leakage flow 1l
R screw radius I
3 pitch of the screw il
U wall weloeity in the cross charme] direction tois
U, wall weloeity in the down chanme] direction trs
W local welocity s
v volurae of a C-shaped chardber 1
W width of the channel m
v height coordinate in the screwr channel T
z down channel coordinate I
& length of the extruder charmel il
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PROJEKTOWANIE [ MODELOWANIE EKSTRUDEROW DWUSLIMAKOWYCH
Z UEWOIENTEM SAMOODCEY 220248 TACT W

Stresrerende. W artydnale preedstasriono podstasroers wisdse w saloesie projektowara 1 modelowraria naj-
popilarmejszych ekstrderiar danaslimakoaryeh stosoaratnechw preenerile rolwo-sposmparczym Podana tecma
przephyany masy 1 dobora gecevetdl Slivnalkdar ubateri lepsme mrommmere d=isdarna tych urzad=en 1 1ch weykio-
roFstaria w codzienne] produkog.

Slowa Mhwrowe: elstud ery dwaailimmaloare, ekstmmga, modelranie shimakder, wyphnar wsteceny



