CHAPTER II

THEORY

Theory of seven se units are briefly explained in this

chapter.

2.1 Filtration / !

Filtration is an id particles from a fluid. It can

be worked by passing ium forced by pressure. The
solid particles remaini

the filter media is call

” and the clear liquid passing

There are several ’pes g ess used in industry. They are either
continuous or batch Processes, - on whether the discharge of filtered solid is
steady or intermitte |
this work. This ﬁlternsists of plates and frames ¢ J bled alternatively with filter
cloth over each,_ side oﬁﬁh i in down along each
channels cut lﬂl ﬁh tjaﬁd;e side of the cloth
after pump feedqsl| slurry into the press and flows thro ﬁl the filteficloth. The filtration
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The flow of filtrate through the filter cake can be described by any of the
general equation for flow through packed bed in laminar flow. In this case, the

Carman-Kozeny and Blake-Kozeny equation is selected.

AP,  kpv(1-¢)’S]

= 2.1-1
L 3 2.1-1)



where

k, = a constant = 4.17 for random particles with specific size and shape
p = filtrate viscosity (Pa.s)

v = linear velocity depending on filter area (m/sec)

(2.1-2)

where

V = volume offilis At n°) collected from the start of the filtration to

.Material bala& equatic (he Sy&m will provide relationship

between cake thickness and. volume of filtrate
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= slurry concentration = kg of solid/m’ of filtrate
eLA is the volume of filtrate that held in filter cake, which is normally infinitesimal
comparing with total volume of filtrate (V). Assuming this term negligible and
substituting v from equation (2.1-2) and L from equation (2.1-3) into equation (2.1-1)

gives



dv ~AP, -AP,
= = 2.1-4
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where a is a specific cake resistance, defined as
k,(1-€)S}
-l @1-5)
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A similar equation wit \ l%
dVim =AP =
-~ —— (2.1-6)
in which 7
ol r\\\:\\
AP¢= pre (Pa).

Total pressure d n \ \
| " & ¥ \
resistance. ' \

=l "
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cake resistance and medium

(2.1-7)

when AP = AP, + A " Y

Equation (2. l-u can be rearranged to express nﬁerm of an equivalent volume

°fﬁ‘“"‘°”fﬁm’mﬂmw 21N

Adt uaC
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V,= = volume of filtrate built in filter cake that have specific resistant R,

(2.1-8)

For a batch filtration process with constant pressure, equation (2.1-7) can be
rearranged as

dat  paC O
dV  A?(-AP) ' A(-AP)

(2.1-9)



dt
—_—= 2.1-10
or av K V+B (2.1-10)

in which
: sec/m® (2.1-11)
and 4 (2.1-12)
Assuming (a—constant) and pressure is
constant, integrate ation time as follows,
- (2.1-13)
(2.1-14)
Equation (2.1-14) is a basic eq ..... on rate operated batchwise
In -;“ Cxpeiimeiital data of © and volume of filtrate (V)
isusedtoﬁndthe i e for finding two constants

value is as follows,

AN, . .o ..o
IRignIiImIngat

4) Plotting AVAV vs V,, ,

A
with assuming AV = v in equation (2.1-10).

5) Drawing a linear line as shown in figure 2.1-1.

The slope of this linear line is K, and the intercept is B.
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slope=Kp

At

6) Finding o

2.2 Sedimentation

Sedimentation is also/fn ‘operation for separating solid out of a fluid by
mechanical separation based on the movement of solid particles through a fluid by
gravitational force. ' on
thicken slurry. If desiz

‘a desired produc it is called as™thickener”. The progression

Y BN YN

The stages occurring in settling process-of a flocculated suspension can be

o) A RIS D A B AL Bion st

solid pagticles, zone B. As soon as the process starts, all particles begin to settle

When thicken slurry i

causing a zone of clear liquid, zone A, and settled solid, zone D. Above zone D is a
transition layer, zone C, in which the solid content varies in size and concentration.
Zone B is a uniform-concentration zone and its concentration is equal to the original.
It is usually assumed the velocity of particles approaches rapidly the terminal velocity

under hindered-settling conditions.
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As settling con
(b), (c), and (d). Zones

remains nearly constant.

varies as shown in figure 2.2-1
t zone B decreases and zone C
d C disappear and all the solid are in
zone D. This pomt is calledej‘_gﬁii‘cal s%omt” (figure 2.2-1 (e)), the point at

' ar ligfid and sediment. After this

Determination of'settling velocity can be made using theory and experimental

daa ﬂUEJ’WlEW]‘ﬁ‘WEJ’]ﬂ'ﬁ

1) Frorﬂ"ll' heory
9 WW@%H@%MNW]’J NN
Stokes’law can be used to find terminal velocity for a spherical

particle that flow in laminar region (Reynolds number of particle is less than 1).

2
gDp(pp e p)
- e 2.2-1
) 18y ( )

where g gravity acceleration =9.81 m/s®

D, particle diameter (m)
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particle density (kg/m?)

Pp =
= fluid density (kg/m’)
p = fluid viscosity (Pa.s)

1.2) Hindered settling velocity

% JeX oS (222)
where pp, 1, = ' y and viscosity of utty, respectively

Bulk density of slurry he followin tion
¥ dopy (2.2-3)

-

o ~ g
Table 2.2-1 Bulk vis;sity of the mixture of CaCOj; in water.

weight o ):EL cOosi c.p.)
“ﬂﬂfﬂﬂij‘ﬂ 1‘?‘!:?"] 14 =

Another method needs empirical correction factor (R) which depends on the

volume fraction of fluid in slurry. The R factor was obtain from figure 2.2-2 or the
following equation

€

== l—osz(r_'J (2.2-4)
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Figure 2.2-2 Settling fac

The hindere¢
(2.2-5)

2) Frome
The rest y"‘-

interface increases WB
Slope of this graph is q-ﬂtlmg velocity., T

wmtsbpﬂ%@“ﬂﬂﬂ'ﬁﬂﬂﬁﬂ‘i
amaﬂnm UAIAINYIA Y

inl figure 2.2-3. The height of

he' g to the critical point (C).
erminal veloclty is determined from a
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Height of interface (H)

The characterization o ecessary for design of processes and
equipments dealing g\th sdﬁs" are characterized by their
shape, size and -_-;—? creen-or-Sieve Analysis 18 one method in measuring

particle-size. Stanﬁc - are used ! theiﬁxze distribution of particle in
the size range between aipout 76 mm to 38  Bm. Standard screens of either the Tyler

series or U.S. ﬁvﬁﬁ &3 W Wwéﬁﬁl §§dent1ﬁed in meshes per

inch. For Tylef standard screen scnes the set of screens is based on the opening of

the ZOWQT@ ﬁj‘l W !Tnﬁ)ﬂw screen in the
series is gxac ce f the openings in the next smaller screen. Then the ratio of

the actual mesh dimension of any screen to the next smaller screen is /2.

Sometimes, intermediate screen is used for closer sizing, each of which has a mesh

dimension 4/2 times that of the next smaller screen.

In making screen analysis, testing sieve is nested one above another, so that

each screen has openings larger than the one below. A solid pan is put under the
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bottom screen. The sample is put onto the top screen and the stack shaken
mechanically for a definite time, usually 10 to 20 minutes. When shaking is finished,
the sieves are removed and the material held on each of the sieves is collected and

weighed.

The result of screen analysis is initially presented tabularly, showing the mass

“# tion of the mesh size range of the
d cal results. An example for screen

analysis is shown in ? b 4 | §

fraction of each screen incr

increment. It could be als

Size rafige Ave age | 7 ﬁ Mass Fraction Retained,
(Tyler Mesh) : Tl""‘li'- , ) weight percent
f 4 : -
:
10
18
25
25
15

ﬂuﬂ’mﬂﬁmﬂﬂi
B a7 T v e 1701

distribution plot, and fractional-distribution plot on semilogarithmic coordinate is

shown in figure 2.3-2, 2.3-3, and 2.3-4 respectively.
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Figure 2.3-2 Fractional-distribution plot for screen analysis in table 2.3-1.
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Average particle diameter(Dp), in.

Figure 2.3-4 Fractional-distribution plot for screen analysis in table 2.3-1 in

logarithmic coordinate.
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The result from screen test is used to determine the characteristic of mixture.
1) Specific surface of mixture (A,,)
If the particle density (p,) and sphericity (@, ) are known as a constant, the

specific surface or the total surface area of a unit mass of particles is given by

, taken as arithmetic average

particle diameters in increment.
2) Average parti

The average parti ze-for a dre of particle is defined in several

different ways as follows,

2.1) Vollifhe st

ﬂu&?%gwsWﬂwni v
RIS 1814
5 _-Z‘ilz_) (2.3-3)

where N; = the number of particles in increment i.

N;= the number of particles in the entire sample.
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2.3) Mass mean diameter (D,,)

-3'xD, (2.3-4)

2.4) Volume mean diameter (D)

(2.3-5)

Providing that t}
defined by the equatio;

independent of size, Ny is

N £ Aoy — (2.3-6)
and the number of particles
(2.3-7)
where a = voly
Py~ ‘I le density.

zmﬂ.@uamamwmm
ok b A b s st

liquid from a storage tank. Efflux time is time required to drain liquid from a tank.
This unsteady flow problem is solve by using the macroscopic balances of the system

as shown in figure 2.4-1.
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Figure 2.4-1 Tank with l6ng pipe atia ods flui surface and pipe exit are open to
atmosphere. i
To simplify this operation, the following assumptions should be applied:
- The density (p) ai ‘are constant.

| ke _
- The ﬂ(ud‘ in the tank is Newtonian fluid.

AT I
ARARIATAUNRAINLUIA B

gr,(L+H)
Lf

where u = average velocity of fluid (m/s)

U= (2.4-1)

f = friction factor

20
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Friction factor, which is a function of Reynolds number (N,,) is defined as

P - e Sagnine Bl (2.4-2)
N Re
(Nge <2100)
and f= QOOL?SI : for turbulent flow (2.4-3)
N,
Vg
Substituting f in equation _4

laminar flow (2.4-4)

2 a g \\

Mass balance ©

flow (2.4-5)

Mass out

pliS, = (2.4-6)

(2.4-7)

T , um‘wﬁ% mn‘i

¢gare cross-section area of plpe respectlvely

el 5l 5 SDIOAUAI 29 U2 S ot wi

equation (2 4-5) for turbulent flow, the obtained equations are then integrated to give
equations used for finding the efflux time of a tank.

- For laminar flow :

8,,11_,1'2 (L + Hl):l
b I (2.4-8)
o pgr, [ (L+H,)
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- For turbulent flow :
=K[(L+H)" -(L+ H,)"| (2.4-9)
2 4/17
7( « 00791Lp,'“)
when K= —(—) (————— (2.4-10)
3 ro 2!/4 gler:/l
When all fitting equipments are instaflsd, the equations above will be changed

""""

by substituting L with total equivale: ' ipe exit, L, and substitute (L+H)
with the distance from the end-of pi
- For laminar flo
(2.4-11)
- For turbulent flg
(2.4-12)
when (2.4-13)

2.5 Flow in Pipe

Flow in pipe is the:most importantphenomenon that provides the information
on the operaud

cuiﬂ ’a gﬂaﬂ ‘ﬂ ?. w’r}lﬁrﬁvelocﬁy distribution of

fluid in a cylm cal pipe both in laminar and turbulent flow are described here.

LWLIAN DAY o e

balance with the following assumptions.
- The fluid has a constant density and viscosity.
- The fluid is Newtonian fluid.

- There is no end effect.
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The momentum balafice isi Z-direct  eylindrical shell thickness Ar and
length L was set up. . =

(2‘n:rL1:,.,)lr - (2mLz ) & + W

nrA g+21trArm -p.)=0 (2.5-1)

s VIR Y e 0w .

hence the third*and fourth term are cancellatl Dividing irylatlon (2.5-1) by

2’““@%?@;&%@{' S}d%‘}'ﬁﬁ}*ﬂ eIt
lim i L = [ y +pg] (2.5-2)

The left side of equation (2.5-2) can be replace by the first derivative. Hence

this equation may be written as

A e Po‘PL) X
= rrn)-( — (2.5-3)
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in which P=p-pgz. The above equation represents the combined effect of static
pressure and gravitational force. For the system that using the horizontal pipe, the
height (z) equal to zero therefore P=p. Integrate equation (2.5-3) with the boundary
condition that define momentum flux is not be infinite at r=0. Hence the momentum
flux distribution is

.H @54

ewton s law of viscosity can be

(2.5-5)
Substituting eq Sy imto ¢ 5-4) gives the differential
equation of the veloci A A
(2.5-6)
Integrating equation (2:8<6) with ndition of u=0 at r=R, provides
the velocity distributionas =~
2.5-7)

The avﬁgﬁeg ﬁsﬂlﬂﬂ Wlﬁlﬂ) le in equation (2.5-7).
amaﬂﬁmﬁ%ﬁ%maa s

0

Sy 3

o

Hence the velocity distribution is also a function of average velocity that is the

u(r) = 21-:[1 ae (%) 2] (2.5-9)

measurable property.
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However, in turbulent flow, the velocity profile equation cannot be derived

directl); but there is an empirical formula proposed as follows,

5 177
u(r) = Zﬁ[l o é] (2.5-10)

Estimation of average velocity can be carried out using pitot tube to measure

2

pressure profile in the pipe.

(2.5-11)
in which (2.5-12)
where py=d ometer (kg/m’)
pL= (kg/m’)
H= the d used in a manometer (m)
2.6 Fluidization
Fluidization is a pr ‘soli¢ f es are suspended in gas or liquid
flowing with velocityy | certain value :j led minimum fluidization
S = AT
velocity. Fluidized Beds are caction processes, such as the

synthesis of acrylo ' le. It is also used for roast g ores, drying fine solids,

ho °f?fﬁﬁ“ﬁ“?fwfwﬁ"1 N9

The chnl&| advantage of fluidization is rapid and thorough,mixing of the solid

3o DR TRIHIN AN Bhe e 1

gives mg% heat and mass transfer rate in the bed. Because of fluidlike behavior, the

solid can be transported easily from a vessel to another one.
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Fluidization can be observed in a vertical tube partly filled with a fine granular
solid. At the bottom of the tube has a porous plate serving as a distributor. Air flows
through the distributor and passes upward into the bed. As the air velocity is
increased, the particles will start to move and then become suspended in the air
stream, altogether with an increase of pressure drop along the bed. The pressure drop
along the bed and the bed height r}ed with an increase of the air superficial

A //,
velocity as shown in figure @ ‘///

— 9 -

Figure 2.6-1 The relaam between pressure drop and ud height with superficial

ATETTERSNens

At the initial state, the pre§sure drop inéreases with thé-increase in the air
veloci@bﬁh&ﬁlﬁgﬁ)dﬁfu cilnm nglmgltalﬂ drop across the
bed cour?terba.lances the force of gravity on particles or the weight of the bed, and any
further increase in velocity will cause the movement of particles. Sometime the bed
may expand slightly with constant pressure drop when the air velocity is increased.
With a further increase in the air velocity, the particles start to move in the bed, until
point B true fluidization begins. The velocity at this point is called “minimum
fluidization velocity”. After this point, the pressure drop across the bed becomes

constant, but the bed height continues to increase with an increase in the air flow rate.
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If the air flow rate is further increased to the terminal velocity of the solid particles,

the particles will be carried out of the bed by the air.

On the other hand, when the air flow rate is decreased, the pressure drop
remain constant and the bed height decreased as shown in figure 2.6-1. However, the
final bed height may be higher than tlie itial height before fluidization, because the
bed has higher void after it is fluidized. )1)//

Study of ﬂuidizaﬁon—pheuomeda in labemry of department of Chemical
ngi Chu alongkommersuy is carried out using the
rans er Umt F692” as shown in figure 2.6-2.

LS

Engineering, Faculty o
“Fluidisation and Fluid B

Temp. indicator

= | v
O vr, {4a g;. | -
"l A T - r it B O xcess pressure

4 --..: ﬂ Release System
th'l'emp R

”

Y= &

S e—

g o g B T T W e e e e B W )
.

i i
i

gRx

X X
BedChamber Orifice Diffential

Pressure Pressure - e ot )

Figure 2.6-2 Fluidisation and Fluid Bed Heat Transfer Unit H692.
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Data collected from this apparatus can be used for calculating superficial
velocity and surface heat transfer coefficient as follows:
1) Volume flow rate through bed, V,, (m3/sec)

T.
V=T 2.6-1
b m T ( )
where V,, =ai
T2 =
T; =
2) Superficial v,
(2.6-2)
whel'e Sb = CIOSS S ‘ 1 al At ne chambe mz)‘
3) Heat transfer rate Q (Wat |
e EJ"*‘ 75 7708 (2.6-3)

where E =hee el

I = heate A

|

4) Surface heat transfer coefficient, /m%-K)

AUBTRENINYINT o
L EGuur /e TRRE

2.7 Mixing

Mixing is an important part of all chemical processing. Both mass and heat
transfer are greatly influenced by this unit. The equipment using in liquid mixing is
composed of a cylindrical vessel which can be closed or opened to the air and an
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impeller mounted on a shaft driven by an electric motor. A typical liquid mixing
system is shown in figure 2.7-1.

baffle

Figure 2.7-1 Liquid mi

In design of a lig ixing ‘syst ollowing dimensionless groups are

taken into consideration:

2.7-1)

(2.7-2)

N’D,q,

" HTEANERINYINS
where{iwlﬂﬁm lwnquﬂ El’] éJF-]

d viscosity

(2.7-3)

N = revolutions per unit time
D, = diameter of agitator

P = power requirement in mixing.
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Ruston, Costich and Everett (1950) used dimensional analysis to determine the
power drawn by an agitator in a liquid mixing system.

weevro G )6 ) G )@

(2.7-4)

where

mmﬁf i

particular com ese main fixed, then
AR Y L1

where Cqs an over: @ tor prese,nas Z]a geomet@ ?Jle system.

The power function, @ is defined as

.8 (2.7-6)
(Ng)’ '

Parameter “y” is found experimentally and varies with the system

configuration. Data of the power function and Reynolds number is generally plotted
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on a log-log scale. This plot is called “power curve”. An individual power curve is
valid for a particular geometrical configuration, but it is independent of vessel size.

An example of a power curve for standard configuration tank is shown in figure 2.7-2.

100 - : T —
K , =P/pND;’ for N,<10*

4 A\ =P t=6.1 for N,>=10*

o 1 TR

% & : .

"a 'a ; 19 1| T h | n

E "21“ - . H 1

5 1 = e

g i

A~

A4
. , g -
1 0 J . 90044 4 : 10000 100000
Al | " :
___1 1 (N,o), dimensionless
)N TSN
Figure 2.7-2 Powel Clirve-for-siandard-ianiceonfiguratic )j
| - |
Besides studying , power req ired by the system, this experimental unit is used
= L%

to study the rﬁﬂtﬁb d: dew WﬁaOH) that is dissolved

in water. Sodinm hydroxide solution was sampled and titrated with a standard

e T T T T e e
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