CHAPTER III

THEORY

3.1 Theories of Ordinary Diffusion in Liquids.
3.1.1The Hydrodynamical Theory

The Nernst-Ei ion states that the diffusivity of a
. single particle or sol ough a stationary medium B is.
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3.1.2 Eyring-Rate Theory

On the assumption of a cubic lattice configuration, this theory gives
the following relation between the self-diffusion coefficient and the
coefficient of viscosity.
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‘Wilke has developed a correlation for diffusion coefficients on the
basis of the Stoke-Einstein equation. His results may be summarized by
the following approximate analytical relation , which gives the diffusion
coefficient in cm” sec ' for small concentrations of A in B.

DAB = 4.4X0U [ (FIMpp i) / LV ceieiiiiiiiiiiiiiiiii, (35)

This equations for “'“‘t utions of nondissociating
solute, for such solui \t\\l in + 10 percent.
3.2 Fick Rat

3.2.1 Ficka _aw of D ,

Whithin binafy iotherinal system of Species 4, B Bird, Stewart
and Lightfoot [20] préposed-the definitio of an unidirectional diffusion.

N, N oD (AXSAZ ) X NGB K ) oo, (3.6)
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The dxffusm)n flux N, relative to stﬂonary coordinates, is the

resulta;; e%"u ﬁﬁﬁaﬁﬂﬁiﬂﬂ}ﬂ @ et Faite

~ bulk motion of fluid.

Q'lw }a’&ﬁg aféju ?‘hr] @I‘ﬂ@}c’?}rﬂ %ultmg from the |

diffusion superimposed on the bulk flow.

The equation (3.1) is the general definition of diffusivity. If the
substance 4 is slightly soluble, X,(N, + Np) term is neglected.

NA = -CDAB (dXA/dZ) ............................................. (37)

which is Fick’s first law.
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3.2.2 Fick’s second Law of Diffusion [ 22 ]

Transient process, in which the concentration at agiven point
varies with time, are referred to as unsteady-state processes or time
dependent processes. The time-dependent differential equations are
simple to derive from the general differential equation for mass transfer.

The equation of continuity for component A,

v . Ny+(O0C,/cummakElN gy = 0 ..., (3.8)
Many solutions ar nsfer as defined by Fick’
second “ law ” of

(OC /O 4 5 FILOE/OZONNN e (3.9
This equation is well w of diffusion
3.3 “Standard Tu

The designer of an-agitz ’ 1 ve: has an unusually large number

of choices to(aake as to type and loc ation of the impeller, the

portions of the baffles, and
so forth. Each of 8 ulation rate of the liquid,
the velocity patterns and the power consumed. As a starting point for
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proportions of the'

I = DM A = &
H = D C = H/6-H/3
B, = 0.ID g = &



19

The nuil [ baff :5 umber of impeller blades
ranges from 4 10 16 5 or 8. Special situations may, of
~ course, dictate different proportions from those listed above; it may be
advanta p the agitator higher or lower in the
tank, oﬁﬂ @%M%ﬂﬁ ’f to achieve the desired

process réult. The listed * tandard” propo1t10ns nonetheless, are w1dely
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3.4  Solid-Liquid Mass Tranfer[12]

A study of solid-liquid mass transfer considers the effect of mixing
on the surface area of the solids (which is often a minimal effect) and the
effect of mixing on the fluid film around the solid particles.
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Three major correlation methods have been tried by various
investigators. One method, using dimensional analysis, usually takes the
form:

kT/D,, S . S ————— (3.14)

or kT/D;, = rRe, Sc S e 2 (A13) -
where lds number referred to tank

S;\\“ -

Several mv have trie sing' this equation in their
correlations, but X
type and syste
are needed, as w

eometric ratios and groups
aships between correlating

parameters. ‘

A second ir ng ¢ Sherwood number kd, /D,
as a function of paificlé Re) nolds'aumber and Schmidt number.

The third corfeldtien method¥is based on the slip velocity and

terminal velocity of the_;;@ffjcjg,

[n areactor in which the solid particles
are fully susgggded }sznonf[ 6.l :

hat the relative particle
S¢ greater than the free-fall

Flowymmmwm

flow in an agitated vesse ﬂdepends on the type of
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the tAnk has three components, and the overall flow pattern in the tank
depends on the variations in these three velocity components from point
to point. The first velocity component is radial and acts in a direction
perpendicular to the shaft of the impeller. The second component is
longitudinal and acts in a direction parallel with the shaft. = The third
component is tangential, or rotational, and acts in a direction tangent to
a circular path around the shaft. In the usual case of a vertical shaft, the
radial and tangential components are in a horizontal plane, and the
longitudinal - component is vertical. The radial and longitudinal
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components are useful and provide the flow necesssary for the mixing
action. When the shaft is vertical and centrally located in the tank,
the tangential component is generally disadvantageous. The tangential
flow follows a circular path around the shaft, creates a vortex at the
surface of the liquid, as shown in Fig.3.2, and tends to perpetuate, by a
laminar-flow circulation, stratification at the various levels without -
accomplishing longitudinal flow between levels.If solid particles are
present, circulatory currents tenid to throw the particles to the outside by
centrifugal force, fro : e downward and to the center
of the tank at the bottem. ing, its reverse, concentration,
occurs. Since, in Ci flows with the direction of
motion of the im B elocity between the blades
and the liquid 1 Sd’ an can be absorbed by the
liquid is limited. La#8

tory flow is induced by all
ad1a1 flow. In fact, if the
nk is virtually the same
. At high impeller speeds the
impeller, and gas from above
nerally this is undesirable.

swirling is strou
regardless of the &
vortex may be so
the liquid is drawn @

‘ 'ﬁ'?.{:,i
3.6 Impeller Types{fZZ‘ *"; 4 > £
Impellers N ﬁs : those which generate

€ S
currents parallelﬂwth the axis of the impetler shaft and those which
generate ¢ gents ih«a. tangential ewradial direction. The first are called

S nonppb b YU TRH s

The Hree main types, of 1mpelt&rs are prope %ers paddles, and
S

bﬂmﬁﬁm mlm ﬂm es, which will

eful in certain
s1tuat10ns, but the three main types solve perhaps 95 percent of all liquid-
agitation problems.
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3 6.2 Propellers. -

A propeller is an axial-flow, high-speed impeller for liquids of low
viscosity. Small propellers turn at full motor speed, either 1,150 or 1,750
rpm. larger ones turn at 400 to 800 rpm.The flow currents leaving the
impellir continue through- the liquid in a given direction until deflected
by the floor or wall of the vessel. The highly turbulent swirling column
of liquid leavmg the impeller entrains stagnant liquid as it moves along,
probably considerably more than an equivalent column from a stationary
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nozzle would. The propeller blades vigorously cut or shear the liquid.
Because of the persistence of the flow currents, propeller agitators are
effective in very large vessels.

A revolving propeller traces out a helix in the fluid, and if there
were no slip between liquid and propeller, one full revolution would .
move the liquid longitudinally a fixed distance depending on the angle of
inclination of the propeller blades.The ratio of this distance to the
propeller diameter is kno%li\ vitch of the propeller. A propeller

with a pitch of 1.0 is sa Iw itch. _
A typical pro ﬁ_éjg. 3.3 Standard three bladed

1llystr
marine propelle ost common; four-bladed

IS ¢ . > = ’
toothed, and other y'emplo i :
: Propellers r 8 in. in d; '
the vessel. In a dee _‘- & propellers may be mounted on the

same shaft, usua _ efiqu 1 e same direction. Sometimes
two propellers work i Yostiesdirecti in “push-pull,” to create a

are common. S0 etlmes the blac piichied; more often they are
vertical. Paddlesj?lrn_a Slow erateupeeds in the center of a
vesssel; they pushﬁ.the liquid rad y and tangentially with almost no
‘vertical m?f \ﬁx lﬂ gjﬁﬁva?ﬂlﬁpltched .The currents
they gener u m j‘L hen either upward or
downward. In deep tanks sgveral paddles are mounted one above the

ors B S LA I TP SR o o oo

over it with close clearance. A paddle of this kind is known as an anchor
agitator. Anchors are useful for preventing deposits on a heat-transfer
surface, in a jacketed process vessel, but they are poor mixers. They
nearly always operate in conjunction with a higher-speed paddle or other
agitator, usually turning in the opposite direction.
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(d)

MiX] glindpellers [22]'

(a) three-bladed/nafine propelle (b) open straight-blade turbine

(c) bladed disk turbiae- -~ HE(d vertical curved-blade turbine.

-
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Industria -, ' between 20 and 150
rpm. The total levigth of a paddle impeller is€ypically 50 to 80 percent of
the inside diameter ofithe vesssel.élhe width of the blade is one-sixth to
one-tenth ﬁ%@j?tﬁﬁ%ﬂﬁ ﬁtﬂljives mild agitation in
an unbaffled vessel; at higher” speeds become necessary.
Othﬁn\uﬁn,jai iﬁi \ﬁjed aroundathe vessel at high speed but with
AN SEAVE A ™

3.6.4 Turbines ,

Some- of the marty designs of turbine are shown in Fig.3.3 b,c and
d. Most of them resemble multibladed paddle agitators with short blades,
turning at high speeds on a shaft mounted centrally in the vessel.The
blades may be straight or curved, pitched or vertical. The impeller may
be open, semienclosed or shrouded. The diameter of the impeller is
smaller than the paddles, ranging from 30 to 50 percent of the diameter
of the vessel.
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Turbines are effective over a very wide range of viscosities. In
low-viscosity liquids turbines generate strong currents which persist
throughout the vesssel, seeking out and destroying stagnant pockets.
Near the impeller is a zone of rapid currents, high turbulence, and intense
shear.The principal currents are radial and tangential.The tangential
components induce vortexing and swirling, which must be stopped by
baffles or by a diffuser ring if the impeller is to be most effective.

3.7 Suspension of Solic aj ;itated Liquids[ 21 ]
The state of suspensio ieles in liquids is not usually

homogeneous, sin red due to the unevenness of
ider two criteria;

1) thecri h all the solid particles

2) the unifo n of the slurry.

The most co ing technology. The state of
complete suspensl quid refers to the instant at

which all solids arefin/Gizculation @nd hone is resting on the vessel
bottom.Suspension of solids in a liquid medium will be obtained when
the uising velogity of the liqu e € or exceeds the settling
s particles. © 7 and-direction are function of

a function of gravitation force, fluid drag, properties of solid (i.e.density,
size, shape), solidecencentration and several hindering factors such as
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ARIAN TN INYAE



	Chapter III Theory
	Theory of Originary Diffusion in Liquid
	Fick Rate Equation
	Standard Turbine Design
	Solid-Liquid Mass Transfer
	Flow Pattern in Agitated Vessel
	Impeller Types
	Suspension of Solid Particles in Agitated Liquid


