Chapter 3 Multiple Particle Systems
3.1 Settling of a Suspension of Particles (slurry)

Hindered Settling
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Substituting n, and p,,,

(p, = py)mz’g

U= Up = 187

p Ef(e) = Ufff(e) = UreZT
Corrected terminal settling velocity

U,, Uy actual(interstitial) velocity of particles and fluid, respectively

U,. U superficial velocity

ps

U,,=UJ(1- )
U= Uy
where . voidage or void fraction
1= =2 article yolume _ wlume concentration of particles= c,

suspension volume

“U,, and U : volume flux of particles and fluid

(m . m® fluid or particles _ m?* fluid or particles )
s m?® suspension m? suspension + s

= UPS_Q/ Ufs,_i superficial velocity 2/7f SA/0) Eif flux !



3.2 Batch Settling

(1) Settling Flux as a Function of Suspension Concnetration
Because of no net flow
Uyt Up=0
U(l— )+ U, =0
S U= ) +1U,~ U, =U,(0—- )+[U,— Uy )] =0
U= Uy *A)
Richardson and Zaki(1954)
Uu=U;"

D

where igig‘z — 0.043Ar0~57[1 B 2.4(%>0.27]

2’p;(p, = py)g

Ar=——————— Archimedes number

I

Superficial solid velocity or volumetric solid flux(m/s)
Uye=U(1— )=Us *A)(1— )
— U (1) "

Settling flux curve (U, vs. C (=1— )): Figure 2.1

(2) Sharp Interfaces in Sedimentation
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Material Balance over the interface
Since no mass accumulation at the interface
( Upl - UfH[)Cl = ( UpZ - Uz'm.‘)C2

where C=1— , solids fraction



_ Ups, = Upeo

As -0,

_au,
U=—gc

where U.: the velocity of layer of concentration C

Slope=velocity of layer of
oncentration C,
U,
Slope= int, 12
: $10pe Uin, 23
C=0 C, C, G

Worked Example 2.2

(3) Batch Settling
Supplying all the informations for the design of a thickener

Type I Settling
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Variation of heights of interfaces with respect to Flux vs. concentration

time



Type 1l Settling

Height of] A-B
terface, .
h A-S b
B- ‘min \
S ypel N
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Time, t et Gt e &

Variation in heights of interfaces with respect to
time

A descending layer or interface will only appear if it falls faster than and gets away from the more dilute layers

descending from above them...

Worked Example 2.3

Recommended web site :

http.://www.aem.umn.edu/Solid-Liquid _Flows/video.html

(4) Relationship between the height-time curve and the flux plot
Height of AB interface vs. time

hy

h Height of A-B interface

dh/dt

Time
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Interface between clear liquid and c at h and t
Velocity of interface or U, the velocity of the particles at the interface

_dh_ hi—h

A

The velocity at which a plane of concentration, ¢ has risen a distance h from
the base is %

The velocity of the particles relative to the plane

h
U+

The volume of the particles which have passed through the plane

The total volume of the particles in the test

CBhOtZA(Up-ﬂ-%)Ct
Cyhy
" 0= =

* This gives U, vs. C (batch flux plot)

Worked Example 2.1

3.3 Continuous Settling
(1) Settling of a Suspension in a Flowing Fluid
Thickener vs. Clarifier Figure 2.11

- Downward flow

_ Q(1— ) 2
Uu,, = ——a + U, “f()
Total Flux Flux
solid due to due to
flux bulk flow settling
Define C,=1— , particle volume concentration

Figure 2.12:
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Downward flux

//——/—Bujk ﬂl}“. ﬂm
g r slope=0)/A

U.=QC:A

Feed concentration, Cr — Mean bottom section

concentration, Cpg

- Upward flow
U, = _Q(f}_ R Uy ()
Figure 2.13:
L-os
| Downward flux
C
r: Upward flux
L-?FQCFJL'““""""""I . &
Owverflow flux,

slope=-V/A

Feed concentration, Cr — Mean top section

(2) Real Thickener

Feed

concentration, Cr

F, C;

Underflow
L,C.
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Feed/ Under(down)flow/ up(over)flow:

F(Cg) L(Cy) V(Cy)
Below feed
Ups L(].A_ ) + UT Zf( )
Above feed
U, = — V(/}— ) + U, ()
Feed flux,
.[H'--

Underflow flux,
slope=L/A

Batch flux

Downward flux Ahove feed

C

Upward flux

Crverflow flux,
slope=-V/A

* Critical concentration: C_,= C atU, 0

crit— upward =

(3) Critically Loaded Thickener
CF: Ccrit
U =0, Cz=Cp,Cr=C,=0 and

p, upward

FC, LC,
ps, downflow T = T

U



Feed flux,

] slope=F i
: Vs Downward flux
L?_-=QE_=.""|. """""""""""" .-

=LC /A e A—
slope==L A

U

Up~VCriA=]

Orverflow flux,
slope=-V/A

(4) Underloaded Thickener

CF< Ccn’t
U
L-::.'=Q E.’ A
=LC'_ A
Cs Cesit 1 c
Below feed

U :

7| Downward flux ;
L.=VCi/A=

Overflow flux,
slope=-V/A

U,upward:(): CB<CF and CT: CVZO

p

FC, LC,
Ups, downflow™ — A A4



(5) Overloaded Thickener

CF> Ccrit
U.=0C=/A Fead ﬂll Int=rs=ction
U, ; | Diownw Erd flux
: Unc‘n;erﬂl}w fluz,
i slope=L/A
‘; | | <LCyA
| ~~~L__ Barchdx
| ]
Gl G=Cq Cz
U b
| Downwarddux: Ahbove feed
I ICr ¢
: 1
I spward flux
Up=VCrlA [ S <
Crarflow flux, :
slope=-V/A
Up, upWard: A - Ups, downflow CB = CF and C T> C V#: O
Ups, dovwnflow A

* Centrifugal Sedimentation r * instead of g

* When minimum total flux appears... = Figure 2.18 and 2.19

Worked Example 2.4



