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Sedimentation and Filtration

(homogeneous system)

(non-homogeneous system)

)Dispersed phase

)continuous phase


客人
interphase


€))
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It is a main stage in the production
@)
Increasing purity of products
3
extracting valuable matters
C))

Removing harmful matters

Gravity Sedimentation

(gravity settling)

4—1 Movement of particles in fluid
4.1A The forces subjected by
the particles during the relative movement between

particles and fluid


客人
signification

客人
farina


(drag force)
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(free settling)
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=-1.61X107 m/s
3. The influence factors on the
settling velocity

Stockes

1 diameter of particles

(2) (Viscosity of dispersed medium)

3) Density difference between two phases
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Shape of particles

(Wall effect)

(hindered settling)

Gravity settling of the suspension

(clarifying) (thickening)
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4_2A Batch-type thickener
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A B B
A C
B B A
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Half-Continuous Thickener


Threshold of Velocity

Uc
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g, = bhu, (m’s™) (4—19)

(4—18)

g, < bh,u, hL =ubL =u,A m’s™ (4—20)
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Continuous thickener
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u =3 _ G (C,~C.) (ns™) (4—23)

A, PA,
3 Ao:

(4—21)
qm(CO - CR) S uo

PA,

pU,
4 Capacity of thickener
4—22 4—24
q, = qm(CO_CR)S Aouo 4—25
P
4—3 Gravity settling of gasoloid
(gasoloid)

(settling chamber)

4.3A Erect settling Chamber
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filtration

(filtration)

4—4 The Concepts of Filtration

(filtration medium)

(slurry)
(filter cake)

(filtrate), 4—9
1. The Methods of Filtration

¢)) Deep Bed Filtration

©.1% )

(deep bed filtration)
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(2 Cake Filtration

( 1%)

Bridge Phenomenon

4—10

(Filter-cake filtration)

2. Driving force and Drag force of

filtration

The Pressure Difference
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4)

gravity filtration

Pressing filtration

500KPa

Vacuum Filtration

Centrifuge filtration

85KPa

50KPa
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4)

Filtration Procedure

Filtering Stage

Filter Cake Washing

(Dehydration of filter cake)

(filter cake unloading)



4. Filtering Medium

intercept

The Structure of Medium Should be Porous

2 The Strength of the
Medium should be high enough to support the filter cake

3 The Surface

property of the medium should be good enough to make the filter

cake to be unloaded easily

(¢H) Fabric Medium

stainless steel Brass wires Nickel
wires
(2) Granular medium gravel fine
sand Activated carbon

€)) Porous solid medium

5
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)

€)
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Filtering aid

diatomite

perlite

asbestos

charcoal powder

(filter aid)

(80—95)%Si0;

1000

70%S10;

sawdust



CH4-8 2

4—5 The basic theory of filtration

4.5A The basic equation of filtration

(filtration rate)
m’ s™ (filtration
velocity) ms™
A dt dv

dv/dt dv/(Adt)




CH4-8 2

Filtering Velocity and filter

cake resistance

d,

A P.
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Adt

Poiseuille
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dvV/(Adt) d. AP./(32pl)
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1_d
r' 32
av. A
= ,p° (4—37)
Adt r'uL
r m?
r'ul dv/(Adt)
A P, r'ul K —
2. Filtering Velocity and filter

medium resistance

Le
L. ru Le
A P,
(4—39)
dv. A
= ,p’“ (ms™) (4—38)

Adt r'uL,

3. The Basic Equations of Filtration

(4—37) (4—38)
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A P=AP+AP,,
dv Ap

Adt  r'u(L+L.) (s
X
L
LAocxV
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L, = K"V, /A
r=Kr'
dv Ap

Adt  K'r'ux(L+ L)/ A

(4—40) (4—40a)
dv. Ap-A
dt rux(v +V.)

r=r,(Ap)° (4—42)

4—39

(4—39)

(4—39)

4—A41

(4—41)
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r. m; S
0 1
S=0 r. s
(4—42) (4—41)
dv Ap)° - A’
:(p) (4—43a)
dt  ruxV+V,)
S=0 (4—42) r=r (4—41) (4—43)
(4—43)
4.58B Constant preesure filtration

and constant velocity filtration

AP  (4—43a)
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v__poA (4—43)
dt  ruxv +V,)
V P t ASrn ppy X
K L
I pX
(4—43)
dv kp—-A°
= (4—44)
d VvV +V,
1. Constant pressure filtration
P K
[[(V+V 0V = kA?p=[dt
V242V V=2kA%p" (4-45)
K=2kp"* (4-46)
V242V V=KA’t (4-47)

g=V/A, g=V./A, (4—50)

q*+2qQg.=Kt (4—48)

(4—48)

12
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2. Constant Velocity filtration
dv/dt dv/dt=v/t,
(4—44)
\L_ KAZ pl—s
t V+V,

V?+VV =KkA’p"t (4—50)
q°+q9.q=kp"t (4—51)
VZ=KkA’p—t (4—52)

4.5C determination of filtering
constant
(4—51) (4—52)
Qe F. S
1 K 0

(4—51)

13



CH4-8 2

1/K 2qK.

29./K

g (4—53)
t.

(4—53)

(t-1.)/(0-9.)=1/K(q+q.)+2Kqk

(t-t)/(0-q) (g+qy)

K 0
K=2P**/(ru X) K
K qe
S=0 rs=r K
r
2. r'

(4—53) tq q

1/K
Qe
K
q:
(4—54)
P
(4—48)
S Measurement of cake

property constant for the compressible filtering cake
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K=2P"*/(ryy X)

InK=(1-s) InP+In(2k) (4-54)
InK InP (1-s), In
2k (1-5)
In(2k) rn s
4—-2 0.1m
140KPa( ) 4
—2 1 im
0.05m
1.005x 10°Pa: s
4—2 1
t S 600 1200 1800 2400 3000
v om 0.023 0.037 0.049 0.061 0.068
) K e
) K
€)) K G
t q
t/q 4—2 2
4—2 2
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S Vo I—,(STﬁ/rng)
q

600 0.23 2609

1200 0.37 3243

1800 0.49 3673

2400 0.61 3934

3000 0.68 4412
q t/q
t/q q 1/K=3749.382,  20./K=1789.614.

K=2.667% “m st @=0.239m°  /m
@ k
S=0,r:=r, (4—46)

K 2667x10*
"~ 2p 2x140x10°

=9.525x10"m*- s/ kg

4—6 Filtering Equipment

16
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4.6A
1.
@
&)

4-11
1.

6.

@

4-12
1.

)

Plate-and-frame filter press

Structure and working principles

4—11

€)

17
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4—11(1)

4—11(2)

AP 0.3 0.5MPa 1IMPa
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2. Calculation
(D) A
A=2LBZ (m ) (4—55)
L— m, B— m, Z—
(2 Vz
Vz=LB6Z (m ) (4—56)
20 — m.
0.5
€))
(4—47) (4—50)
P
Qx t At
02
At
(o - 0i)+20.(a,~q,)= K - At (4—58)

() Washing time
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V, m’
Vw tw
8V, +V.)
t =—2—=V S 4—-59
" KA (4=59)
4—3
810x 810x 25mm 33

K=10"m’s™, q.=0.01m /m

m* 1/6

€y

@

€)

€) (4—55)
A=2LBZ=2%0.81x0.81%x33=43.30m

(4—56)
V=LB6Z=0.81%0.81%0.25%33=0.541m
@ (4—48)
t=q +29qe/K=(0.2) +2x 0.20x 0.01/1x 10-4=440s
3 V= 2/6
(4—59)

20
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t = 8(\/2 +V6)°V _ 8(V2 +Ve) \Q _ 4V2 X (Vz _Ve)
" KA* " KA® 6 3KA?
_ 4x8.66x(8.66+0.01x43.3)
3x10“x43.3?
= 560s
4.68B Rotary-Drum Vacuum Filter

1. Structure and Working Principle

4—13

4—14

€)) @)

4—13

4—14
1 2 3. 1 2
3 4. 5 6

21
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C ) 85KPa
2. Caculation
€)) a P
o
\ o ( )
r=" (4—61)
n
T S n
S-1
@ Q
st A
V = & (4—62)
n

(4—62) (4—47)

22
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q, = n[\/Ve2 + KA:\V —VGJ (m s™) (4—63)
( 9~0)
g, = Ay Kyn (4—64)
4—4
0.8m Im 0.18rpm 130
° m 0.4m*

K=8.30x 10-6m s™

) Q
2 L
(@) Q A=1t DL=3.14x 1.0x 0.8=2.51m
P =130°/360°=0.36
n=0.18/60=3x10"° s™
(4—64)
g, = AJKyn = 251x+/8.30x10° x0.36x 3x 10~
=2.38x10"m’s™
2 L

1 1
n 3x10°

=333 s

V=q./n=2.38x 10™'x 333.33=0.079m

23
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V_=0.4V =0.4x0.079=0.023m’

C

A 251

v = 0023 =0.012/m

24



Centrifugation

(Centrifugal settling)

(centrifugal filtering)

(Centrifugation)



4 — 7 Principles of

Centrifugal Separation

4.7A Centrifugal Separation
Factor
, (centrifugal force) C
m r W ’
F=mro’ ) (4—66)
Fc
(centrifugation factor), ,
F ro’
K =—o=—" (4—67)
Fg g
. C rw’

n ,S° ,  =2rntn ,rad/s, (4-66)



(41 °/g)rn’=4.024rn’

4.024Rn’ (4—68)
u (4-66)
K = (4—69)
g.r
4.7B The Surface and

Pressure of the Liquid inside the Rotating Drum

1. Surface of the liquid inside the rotary drum

, 4-17



a
h Fe
ho
NP o
4-17
a I
r,a h ® .,
wZ
4-15 ,
a
F.cosf -Fgsinf3 =0
mre “cosB -mgsinp =0 (4-70)
B a
ro’
tgp = 4-71
g
dh ro’
=tgB =




fLon =2 re

rm?
L 4-71
g

h=

It isa parabola

2. Pressure of the liquid on the wall of

the Rotary Drum

Pz f
de gl |] 1o
H
'l'l 1”
g
H/IR
NN e
Al | \ 4
Pe
B 4-18 FEABHEE LA
BLES
r dr
dFe=dm-row * (4—74)
1dm ’ H’
dm=2rt rHp dr (4—75)
dF=21t Hp  *ridr (4—76)

r r+dr ?



dF, 2tHo'rp-dr

dp = = pw°’r-dr 4—T77
P="A onrH pe (=77
LA 4—16, (
) P.,, I R r
P, (4—77)
l 2 2 2
p, = po (r’=r?)+p, (4—T78)
Pr
P, p w
r= ) )
, (4—78)
l 2 2 2
p, = po () =17)+ p, (4—79)
| ] ’ Pl
r1=0,
,P.=0, (4—79)
l 2,2
p,=—=-pw-r, (4—80)
2
4.7C Velocity of Centrifugal
Settling

P»



Fo
Fd

p(drj2
%dfr(ﬂz(pp—p)—cndp- LB

dr/dt

(4—82)

dr _ [4d,(p, —p e’
dt 3Lp
48

; (4—8) g

’ stockes

Uo

ro



(=24/R., (4—82)
d’ —
T
2“ (4—83)
_ rm
e
dr
——K .- 4—84
dt © e ( )
] dr/dt

4.7D

of Emulsion in Centrifugal Field

Fi

h o,
V
=1 41—
¢ v (4—85)
4—19
n (ri2 — r12)

(4—86)

Uo

Separation



\/ 1+

Fi

%pho‘)z(rz2 o r32): % p|®2(ri2 - r12)+%phc02(r22 - riz) (4—88)

r = \/rf ~Pr(rzor?) (4—89)



|
|;f I:Illll
'r ”|||

|r21 I

o

B 4-19 ¥EAR, BR

i
1. B 2. KR

4—5 ,

10p m, 1100kgm - ;

, 998 2kgm~ 1.005x 10° Pa-s
0.075m
0.03m/s

(D (rpm)?
) ?
(D :

r=0.075/2=0.0375m  ,dr/dt=0.03ms™ ;p ,=1100kgm™ p
=098.2kgm  d=10x 107°m

(4—83)

18 dr
. \/ 18x1.005x10° x 0.03

d*(p, - p) V| (10x10°) x(1100-998.2)

=1192 s*

W =

10



n rpm ,

n=2 x60= 191 L 60=114x10° r/min
2 2x3.14
@) : ,
(4—83)
1 2,2 1 2 2 5
p, = P01} = = x998.2x (1192) x (0.0375)" = 9.98x10° Pa
4—8 Filtering Centrifuge

(filtering centrifuge)

1000 1500rpm,



4.8A Batch-operation

filtering centrifuge

1. Three-foot Centrifuge

4—20

B 420 ZERXBLY B 421 ERSRBLOHL
LYUE 2. 817 3. £% 4. %% 5. $1z5 1L HE 2 5HGE 3 BB
6. IKBE 7. AL 8. M 9. FAH 4. 6% 5. mBHD 6. EEAO

12



Suspended-basket Centrifuge

4—21

13



3. Horizotal Centrifuge with a

Scraper unloader

4—22

14



4.8B

Continuous-operation filtering Centrifuge

1. Reciprocating-Pusher

Centrifuge

4—23

15



3 2
\ 3
[ eune 1
0= /] 6
I 7 s
N | s )
R - /'
7 ‘ J
6 s L
2 3‘ ‘s 7
Bl 4-2 ENREITTESE.LHL
L& 2.8 3. 3EE 4.0 W 4-23 THERKSPEDNBOHL
SEB 6 MWD 7. EEEN LHB 2 M 3 W 4 HMS
8. MEER 5.MMHO 6. AHE 7. E 8 BNE
0.17 0.4Hz, 40 50mm
(30  50)%, 0.25mm
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Conical basket Centrifuge

; 4—24

4

M 4-24 B0 B shEs .6
1. BREB 2./K 3.8 4. 1%

17



4.8C Capacity of

filtering centrifuge

r i
( )
(4—47)
V +2V.V=KA’t
A=2TT b H;r ,H
V
Q,
q, = % (m s) (4—90)
4—9 settling centrifuge

(settling centrifuge)

18



1. Rotary Drum Centrifuge

4—27

1000 4500rpm

(4—83)

_J
A—C
Ay

NN

N

ya .a/—'

Tan

E 4-27 HIEHHK

19



= ro
dt 18u
tO
18u r
= In-2
Cdp,—p T,
r
:n(rzz—rf)h
q,
18 r,_n(rz-r?)
t = In2<—2—2
d’(p,—plo” r," q
dC

20

(4—93)

(4—94)

100%



M 4-25 &IJIDIRER.CHL
1. 348 2. W8 3. Ui

4. BW

4—26

W 4-26 WRNEDTREBS.LHL
1. 368 2. N0 3. W
4. Uil 5. 5mM

Scroll-type Centrifuge

21



4—10 Separation Centrifuge

(ultra centifuge)

4.10A Tubullar Cetrifuge

4—28

22



4'z
b 3
tg 2 A
1
WRAD
200mm . 70 160mm
4 8. .

15000rpm ; 8000 50000.
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4-29 B4
(a) AMMERE  (5) BER/RE

4.8B Disk -type Centrifuge
1. Structure and Working Principles
, 5500 10000rpm 4—29 ,

(@) Separation Operation

24



, 4—29(a)

(2 Clarifying Operation ,

, 4—29(b)

; 3000 10000,

50 80 45°

60° ,

2. Production Capacity

q, = U,AK, - T (k) (m's™) (4—95)

25



q,— m's™;

u, =940
18u
d— m
Ap —
A— m A=2arL L m
K |<c::03 -1 o
g
"
f (ko) - ko ko = r_ I
f(k,)
1 2
f(ko):Z(1+ 2k +k?)
2.
q, = HAK, - T (k)
rhh nr
f(k0)=§(1+ 2k +k?) 4—96
7—
4—11 Cyclone Separator

(cyclone)

26



Structure and Working

4.11A

inciples

Pr

4—30

4-30 RERIESR

27



b
“ ~N
N
3 7=
1.1D !
de=D/2
o
) J | N 1
iy e (A RA
nlpie g Bl il
1+ 1]
A_3 =
5-1
= B>550 "g”
(@) )]
B 4-31 BERESRERIR T M
(o) AOEYIR (b)) AOMFER
4—31

28



18ms™
(4—69)
rm> U’ 182

K. = =——= =110.9
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4.11B Properties

Cyclone separator

1. Critical Diameter of Particles

(€))
b, r=D/2-b

29

0.3m,

110

of the



)

€)

Stockes

r=D/2-b

(4—69) (4—84)

9ub(D - b)

t,= 2 2
i (pp_p)dpui

t,

t =2nr n/u,

t

JZ I,dr:(pp_p)dp2
2 18

(4—97)
(t=0 ), r=D/2-b
(t=t, ), r=D/2
¥}
u’[dt
(4—98)
D-b
r=———o, n
" 2
S (4—99)

t,

30



, , (4—98)  (4—99)

d =3 ub m (4—100)
mn(p, —p)u
, n=5.
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2. Pressure loss
1 2
Ap=—_Cpu, (Pa) (4—101)
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- 30bh+/D (4—105)
d’~vL+H
,b L H 4—31.
1 2KPa
(liguid cyclone)
4—6 343K, 101KPa
, 4—31(b) )
18ms™ 0.8m, 1560kgm™,
)
)
(1) 343K p =1.029%gm™ , H

=2.06x10"°Pa.s,
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b:9=%=0.16m
5 5

(4—100)

ub 2.06x10° x0.16
d =3 = 3x
mn(p, - p)u 3.14x5x (1560 - 1.029)x 18

=8.203x10°m
(@) 4—30(b)

d;=h=D/2=0.8/2=0.4m, L=D=0.8m, H=2D=2x 0.8=1.6m
(4—105)

30bhvD  30x0.16x0.4x~/0.8

= = 6.93
- d’>L+H  04°xy/0.8+16
(4—104)
1 o 1 2
Ap=_Cpu,’ = x6.93x1.029x 18" = 1155 Pa

33



	第四章 沉降与过滤
	第一节重力沉降Gravity Sedimentation
	第二节过滤filtration
	第三节离心分离Centrifugation



