Chapter 2 Multiple Particle Systems

2.1 Settling of a Suspension of Particles

Hindered Settling
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Effective viscosity of suspension

He= R

Effective density of suspension
Pe=2Ps+(1—€)p,
Uu, . Uy actual (interstitial) velocity of particles and fluid,
respectively
U, » Uy superficial velocity
U,= U,(1—¢)
U= Ug

where ¢: voidage or void fraction

-1 — ¢ — —barticle volume
suspension volume

= volume concentration of particles= c, = volume
“ U, and U ,* volume flux of particles and fluid

3 . .
(m/s- ﬂ—wmg ; )
m° suspension

= U,2t U,E superficial velocity®2} SA|0f FI| flux !

Corrected terminal settling velocity
U,.,.=U,—U;
+Ur
= Uef(e)
Because of no net flow

UDS+ UfS: O



2.2 Batch Settling
(1) Settling Flux as a Function of Suspension Concnetration

U(l—e)+ Ug=0

LU0 =)+ [U,— Uzpef(e)]le=0
S Uy= Ugt’Ae)
e.g. Richardson and Zaki(1954)
U,= Ure"
where
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Superficial solid velocity or volumetric solid flux(m/s)
Up= U,(1—¢)= Ue*f(e)(1—¢)
=Ur(1—¢)e”
Settling flux curve ( U, VS. Cc,): Figure 2.1

(2) Sharp Interfaces in Sedimentation
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Material Balance over the interface
(Upl_ Uint)clz (UpZ_ Uim)cz
where (C=1-—¢, solids fraction

Ups — UpsZ
Cl_ CZ
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The velocity of layer of concentration C

Slope=velocity of layer of
oncentration C,
Uy
SIO: int, 12
i $lopexU;y 5
C,=0 C, Cc, G

(3) Batch Settling
Supplying information for the design of a thicKener

Type I Settling

Cs CA=0Cg
Height of A-B
interface, :
Ups HP
h A-S Velpgity of : \ }
A P1 \W\elocity of
ipferface: § N\B:
B-S Pl iNerface
Time, t I
CA=0 C Cg, C
Variation of heights of interfaces with A B B2 =S
respect to time Flux vs. concentration

Type II Settling
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CB' Ca :OCBTCS
C

E,max

Recoammended web site

http://www_aem_umn.edu/Solid-Liquid _Flows/video._html

Velocity of
»n BE
Height of A-B U, . : interface
interface, Velocity :
h A-S A elocity of
interjdce K
B-Ein i inkgrface
S
_ Ca=0 cBJc@E,@ Cs
Time, t Cemax
Variation in heights of interfaces with Flux vs. concentration for
respect to time particle slurry
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2.3 Continuous Settling

(1) Settling of a Suspension in a Flowing Fluid

Thickener vg. Clarifier Figure 2.11

Downward flow




Ups — Q_(_l_—SL + Ungf(s)

A
Total Flux Flux
solid due to due to
flux bulk flow settling

Define C,=1-¢, particle volume concentration

Figure 2.12:
Feed concentration,Cr — bottom section concentration, Cs
Upward flow
UDS == + UTSZf(E)

Figure 2.13:

Feed concentration,Cr — Top section concentration, Cr

(2) Real Thickener

Feed
F, Ce

V,Cy
Underflow
L, C,

Feed/ Under (down)flow/ up(over)flow:

F(Cr) L(CL) V(Cy)
Below feed
U, = L= peise
Above feed



ps Downward flux

Underflow flux,
slope=L/A

Batch flux

Ccrit
; € Below feed

Downward quxE Above feed

C
Upward flux

Overflow flux,
slope=-V/A

* Critical concentration: C_,= C at U, ,u.,«=0

(3) Critically Loaded Thickener
CF:Ccriz‘
Up,upward:()r CB:CF , CT: CV:O and

FCp _ LCp
U ps, downflow — A = A




Feed flux, F/A
Ups Downward flux
T e ;
ps_ Cr Uné#erflow flux,
LG/A L/A
: Batchgflux
Ce3Cp C.
: Below feed
Ups
Downward flux Above feed
c
U,=VC/A
P & CeriNUpward flux
=0 CrandC;
Overflow flux, -

(4) Underloaded Thickener

C1F< Ccrit

Up,upward:()' Cp<Cp and Cr=Cy=0

FCr, LC,
A T A

U s, downflow —

(5) Overloaded Thickener

C F> C crit
FCr
Up, upward — A -U ps, downflow’ C‘B = C‘F and C T> C V:/: 0
LC;

U s, downflow —

A



Feed flux, F/A

Up=LCUA

Below feed

Above feed

Ups
U,=FC/A
=LC/A !
Co  Cr Gu C
Ups
Up=VCJ/A : c
=0 Crand C;
Overflow flux, -

Underloaded ThicKener

WorKed Example 2.4

FCL/A fremsesessesgensennesnenss Feed flux, FIA
I i Downward flux
Undiarflow flux,
L/A;
Batch fiux
CEF:CB c Cu
Below feed
" Downward flux: Above feed
C\., : CT C
I Lipward flux
UsVCJA| i)
Overflow flux, -

Overloaded thicKener

Centrifugal Sedimentation ,w? instead of g



