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Abstract

In general, the electric motor for driving the centrifuge of Decanter type is selected based on the
power(starting power) necessary to start the bowl and the screw shaft. However the operation cost of
the machine is dependent on the power needed at a steadily operating condition, including the power
against the bearing friction and that for the sludge removal. In this paper, the formulation for the
sludge-removal power is presented. Sample calculation for a specific design shows that the
sludge-removal power is increased with the friction coefficient. It also reveals that the power is
mainly dependent on the length of the screw blade rather than the beach angle. Further it is shown
that the power increases in square of the rotational speed of the machine.
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Fig. 1 Schematic illustration of the structure of a Decanter centrifuge
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Fig. 2 Two coordinate-systems (x, y, 2) and (7, ¢, f) used in the formulation for estimating
the sludge-removal power

Adel QoM mag Fol f7] WRolch FAl 7] el 53 mg YHo| shshe Yol 4T
exo] SHHE BW ATARE o¥s 48 o wed o 23AE LA WET Zowm
Aol A ZA@Holt}t. Leung?} Shapiro®= ] A% olFA717] YaME o] NG B U A}
AL 0A BRI AAs FE AEFHAA ol wBAL oW Wt Yok o] L
YHHE SARES A PPor ENF oA 23R Wiz AFHx, o Y& ol
27e 3@ v goH, Lemng 5O 23F A% E3 @ §Yo] AEIoIA AFEH} @
Zozyy E¥de 4/ wEs s Pdd o
qal S5 FHoz Add Agstn g B Fig. 25 ¥ $49 #E2 98] o v
olt}. Corner-Walker®} Laval®2 Decanterd Q4] 235 29 gddHo] AFdle AFE BoFa
Beivle 4% BAste 2AY HHS FAE Qo TPl o= 2o A, L& wARE
g gloy s APHew. 1 9 EE A%, t= 208 AF, 191 g= IFUY
Decanter® A4 27 gt g2 57517} A 7 aelm L,e 238 JAold o 1dL 9
T3 usEel €A AAE AW waw s S0 0T
o Adse A7t Aok @ 2ol b Ao, ¢=00l" 4duA 4
AA AYBPANE olelm ol ozie @ TF T ATE O IRAH B 5 g 23
Mo &R AA) Yoy FAL wxe A ¢ TN BU IURBAL oe 2ol 14
Ashe Qe glon, AAEL Ade § Adz 5 T F A
Fee Ao wgos sgel dstn e o
Aotk & AFHE od@ olele AL Uo] ¢= (—j)f M
F7) 9% BHoE, &9A) AAd Bad $IL
Adste A fFEa, olgd Adeg Son  olold E R FR@Fwe
AREA AEe dstadt @t o 5o
AT 2 ol A A2ndN Tt 7= (tana)t @
_ 0% yuhd & gtk T Fdo] s IM =
2. 88X MH ™ 23F 249 "Heipe A F FF g=¢(1),

i v S . o i = 5} = = = o
71 2wgon AYsle =)o) Tt 7 F THo] Asle WEES FA HEA (x v, 2)9
Aol melth of AL WS @ Qade v BAAE 4 j k2 dEE olde 2o

=



932 A

v=—ndi+rit+k

714 (primey& to] W@ wEolch A (),
Q) ddstd oA

v=(—2rr/L,)i+(tand)ji+ k ()
o] ®rh. o] FHY —x FHo| UiF PIFHIH
cosf=

2ar/L,
V 1+ tanZe+ (2rry/L,)?

cos =

otk 9 49 BAE 1tanf,, =

_ P
tan 00 = 27”,0 (4)
°8 Fd, Ygoide
cos G,
8= 5a
€08 V1+tanZe sin 26, G2
7t gt} oA & ti2A Bastd
_ tan 00
tan g = cosa (5b)
TE=
sin = sin 6, 0

V 1 — sin?e cos 29,

o] "t HAZ gt 23F &N 4y
r=79 9% EWo| Tt JFHol —xFH7
oj$& Ztolrh

Fig. 2914 (x, vy, 20 FBASE x-F& FHo
2 7 oWF FHAANT ANEE HBAS
(%1, nm, 20 54 289, 2,-5& & ¥4
o FolAl dvkFig. 3). ol W, @9 oY 4, j,
EZRE 4, j,. k& TEE A2

il = i (63)

J1==cosaj— sinek (6b)

Inner surface
of the cone

Fig. 3 Relation between the local coordinates
(x,v,2)  and (), y1,2.  The

coordinates x and x, are coincident.

ky= sinaj+ cosak (6¢c)

olg}, Wiz j,, k2EXH j, kE TE=

Ao
s B

Jj= cosaj,+ sinak, (7a)
k= —sinaj, + cosak, (7b)
o

ojAl, 8A AA Bag 3y H old w
89 e #FEs B Fig. 4= ¥2F
dme €8A 7HAE JE& YEd o=
A, @ & WEd b8 #Awgez B a9,
b= AT, 221 (o HPTYez 2 1
golth. Aoz 4ol gL A H(free
body)Z HFE Rolth o] THo}N £3A9 9
T WS 23 U™ did dddez yehd
Aolth. AMAY Fpe 4483} §99 Aolz
A, €8A9 nFS S 2 o

z
2
F

rir

Fg=4dm(l —-l/S)rowz(cosajl +sina k) (8a)

o2 ted & Yok o e £YAT AR &
o 22 A9 Agech £AA7 Nz 29
& Bgols ¥ wW7t gomz

Fg= dmry0’(cosaj,+ sinek,) (8b)

7 Bk 8 F Neld mE e o) &R
MF S7b 10 g% T Yol Aole Atk



Decanter® €4¥719 8 A D 933

direction of sludge
removal

\

blade tip

% (a) Normal view to
y ! the cone surface

4

(b) Circumferential
view

blade tip

AN

(c) Radial view

Fig. 4 External forces acting on the infinitesimal
sludge material attached to the inner surface
of the cone and the frontal surface of the
screw blade
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Table 1 Computational result for the case when the
friction coefficient g is varied. Powers
are in [kW]

14 Pcy P oy Py, Py,
.10 .042 .090 093 225
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Table 2 Computational result for the case when the

cone angle o is varied

a[deg] P cy P cow P cob P to

6. 239 412 136 787
8. 239 336 225 .800
10. 239 290 280 810
12. 239 260 316 815
14, 239 .238 340 816
16. .23% 221 355 815

Table 3 Computational result for the case when the
rotational speed N is varied
N [rpm] P P Py, Py,
1000 .060 .073 .070 202
1500 135 .163 .158 455
2000 239 290 .280 810
2500 374 454 438 1.265
3000 538 .653 631 1.822
3500 733 .889 858 2.480
4000 957 1161 1121 3239
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Table 4 Computational result for the case when the

screw pitch L, is varied

L,im] P, Pow Puy Py
.10 320 383 360 1.064
12 279 336 .320 935
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18 213 260 255 728
.20 .200 246 244 .689
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