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In all M“id.mﬁa it ecﬁave two elements. Firstly, there

must be overall bulk or & A agnant regions exist within the
hear mixing region which is
or rate process enhancement
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proportion of energy goifg t he'particular application and, whatever
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2.1.1 Laminar mixing

Laminar flow is associated normally with high-viscosity liquids. At typical rates of
energy input, viscosities greater than about 1 Poise are required if the flow is to be

truly laminar. Fluids of such a high viscosity are often rheologically complex too.



Under laminar flow conditions, inertial forces quickly die out under the action of the
high viscosity. Therefore, rotating impellers must occupy a significant proportion of
the vessel if adequate bulk motion is to be achieved. Close to these rotating surfaces,

large velocity gradients exist. These are laminar regions of high shear rate which can
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Figure 2.1 'lge thimung of fluid elements due tO laminar shear flow
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directionf Figure 2.2 shows a simple example of such a flow. Again, the process leads

to an increase in surface area and a reduction in thickness of the element [5].
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elongation rate =

If there are sol high-viscosity fluid in either

of the above flow fiEldsg stresses which can lead to

agglomerate break-up a n the creation of emulsions

\\ ear and elongation which bring

foams and batters, it is thgsc

Of course, rigle diffusion is tjfé time. However, until the

'l
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: A\ ) .
fluid elements are sufficie ,,rf “drea is not great enough for

J J
the rate of diffusion to e m,gmﬁr.ant On the other hand, for ultimate homogenization

of miscible ﬂuﬁ u@r’aﬁé}g mow fedined | Fitn highly viscous fluids,

this is a slow 1ﬁsnm:e.-ss as molecular diffusivity is itself inherently slaw in such cases.
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Il laminar flow, a similar mixing mechanism arises when laminar shear occurs
in a concentric cylinder geometry; this is indicated diagrammatically in Fig.2.3. Thus,
each revolution leads to a further reduction in the thickness of smaller elements and
redistributing them; Fig.2.4 indicates this process. Laminar mixing in in-line mixers is

very largely a result of this mechanism.



In all the cases discussed above, the size or scale of pure fluid elements
decreases progressively as mixing progresses due to flow or re-distribution. At the
same time, the difference in concentration between the different elements is reduced
due to molecular diffusion, especially as the area available for diffusion is increased

with the decreasing size of the element.

~ after 23y turng
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Figure 2.4 The concept of distributive mixing due to cutting and folding



2.1.2 Turbulent mixing

For all practical purposes, the bulk fluid flow in mixing vessels containing
rotating impellers is turbulent if the fluid viscosity is less than about 1 mPoise. The

inertia imparted to the fluid by the rotating impeller is sufficient to cause it to circulate

i the impeller again. During the fluid’s

sion tz !@gh it is at its maximum in the

ﬁ'
impeller region. Eddy diffuss dis much more rapid than the rate

of mixing associated \\\"r flow. Once again, for

homogenization to oc n::-ecular diffusion must occur.

However, in these low-vj

% ’\ \ .- ion is much faster than in high-

viscosity materials. So thé oyerall ":m-ﬂnr ight down to the molecular level in

i\
turbulent flow is much moré ragit-than it ar flow.

The rate of| mlixifg bulent sticlpse to the impeller. Here,

—

- . i:.h s . % . e
there is a high shea llh: f.u associated with disc turbine

impellers [6] and in aqcht:un there are Jy‘ge Reynolds stresses [7] in the radial

gscare soeff WLy aﬂﬁﬂlﬁpﬂiﬂﬂ ersy insoducd by the

impeller is ﬁ‘j ﬁ grf 1 %m ‘g ﬁ fi? édﬂnscthle liquids is
greatesﬂ\ an -liquid dlspersu}n occurs predominantly here,

The complexity of the turbulent flow in mechanically agitated vessels,
particularly because of the three-dimensional flow field, makes an analysis extremely
difficult. However, provided the Reynolds number of the main flow is high enough, .

Kolmogoroff's theory of local isotropic turbulence can be used to give some insight
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into its structure [9]. Turbulent motion can be considered as a superposition of a
spectrum of velocity fluctuations and eddy sizes on an overall mean flow. The large
primary eddies have large velocity fluctuations of low frequency and are of a size

comparable with the physical dimension of the impeller diameter, D. They are

disintegrate until finally theyeae-dissigh tﬁ b}r viscous forces. There is a

-

transfer of kinetic ener e:ddles to smaller eddies, the

directional elements o $lost in the process.

are independent of the b fofl 4nd 4ré'i 18, The properties of these eddies
are firstly a function of the Ical yeaergy. di orl fate/unit mass, £;. Below the eddy

size, Ay, at which vi

~ous dissipation ovtu operties also depend on viscosity.

There is therefore arl, Gquilibrium establi JF 5 a very wide range of eddy

sizes, the universal equilibrium range. With the larger ﬂthese eddies (Dr >>A>>1)),

energy passes ﬁﬂsédr} ﬁﬁﬁ%ﬁﬁqﬁﬁm This is the inertial

sub-range. The ¥ize below over which viscous dissipation occugs,is the viscous sub-

- AAIBIDI UUTAANUIAL.. 5. & on

defined for the Kolmogoroff length scale as

Re, = AV, v (2-1)
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Conceptually the Reynolds number represents the balance of inertial to viscous
forces; and within the spectrum of sizes the Kolmogoroff scale is the size where these
two forces are in balance. Therefore, it is convenient to quantify eddy Reynolds

numbers in general in relation to Rey by the definition Re, = 1

From dimensional reasoning the Kélmogoroff length scale is defined as

(2-2)

(2-3)

Kolmuwrufu’ugth scale, A,

' ' | b»ge

o2
S energy

inertial
sub-range

largest eddies smallest
of order D eddies
1

Figure 2.5 Spectrum of eddy sizes and their energy in turbulent flow
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By implication, therefore, processes which are particularly dependent on
turbulent eddies and their associated forces are likely to be well correlated by energy
dissipation rate. Bubble information and micro mixing phenomena, for instance, fall
into this category. However, non-homogeneous nature of stirred tanks turbulence is
significant, e.g. solid suspension and solid-liquid mass transfer, are not well correlated

that way.

Measurements have beerinade rbuience structure by a number of worker,
e.g. Molen et al. [11 d Rao and Brodkey [12] using

hot-film anemometry. cen made to date for design

purposes.

The hydrodynamics o of zgitated 4 system may be affected from many
variables. Howeve "f i taciois vair be M"-I:‘"‘ ows,

2.2.1 Agutat 1
azuﬂ;.amm INYINT
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axial- ﬂnw impeller is one in which the principal locus of flow occurs along the axis of
the impeller (parallel to the impeller shaft). A radial-flow impeller discharges flow

along the impeller radius in distinct patterns.
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a) Axial-flow Impellers

Axial-flow impellers include the propeller, often designed on the basis of the
screw theory, which requires a constant pitch across the face of the blade. This mean

there is a continuous increase in blade angle from the blade tip to the hub (Fig.2.6)

4

peller

|
Pitch-to-diameten'ratio (or simply q¥pitch ratio”) is equal to the distance, in

impeller dlm@uﬂﬂﬂﬂniﬂﬂm jolution when rotated in
a fluid W.oi Wlﬂuww "ﬁ'ﬁf}“‘iﬁ“ﬁ“ called “square

pitch” ), it means that it would generate a path equal in length to its diameter for each
propeller revolution. The pitch ratio of most axial-flow impellers is usually between
05 and 1.5 times the diameter. Figure 2.8 is a schematic of flow from another
constant-pitch impeller (Fig.2.8 and Fig.2.9) has a constant blade angle. This means

the pitch varies continuously from blade tip to hub. An impeller of this type produces
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a variable pitch-velocity discharge and variable shear rates across the impeller
diameter, but it lends itself more easily to using fabricated materials. It also provides

many production and maintenance economies, especially on full-scale equipment.

ﬂuﬂ“ﬂﬂfﬁﬂﬂﬁﬂﬁ
AR TAUNMINGA

Figure 2.8 Schematic: pitch line velocity for A-2 type impeller (right), constant angle,

variable pitch, and A-3 impeller (left), constant pitch, variable angle.

Propellers draw less power than most other impellers of the same diameter,

running at the same speed. Therefore, compared with other impellers, propellers must
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run at much higher speeds to achieve a given horsepower and a particular pumping
capacity. This results is low torque at a given power level and also results in a very
economical series of mixers, called “portables.” Portable mixers are so named because
in the smaller sizes they are easily moved about; larger sizes, however, require

mechanical means to carry them or tQ move them from one position to another. This

kind of mixer is usually available in\

maximum of 5 Hp (Fig.

AU INENTRYINS
RN HAFINGAN Y

At higher horsepower, portables give way to fixed-mounted mixers with gear-

boxes (speed reduced). These usually run at much lower output speeds than portables
and at higher horsepower-to-speed ratios (higher torque for a given horsepower). This
also means larger axial-flow impellers are required for a given horsepower. Higher

torque and larger impellers notwithstanding, these mixers provide high process

&
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efficiencies and excellent overall mechanical and operating characteristics. A
modification of the axial-flow impeller in Figure 2.9 is another axial-flow impeller
shown in Figure 2.11. The blade is fabricated with a series of three different blade

angles, approaching the shape of a propeller.

Qualitatively, mixing processe need both flow and various levels of

fluid shear rate and turbulepée: ion which maximizes flow at the
expense of all other head not applicable in every mixing
situation, These othel qug or successful accomplishment
of the process. This is juffc Jumps, where pumping capacity,
system head developed, gndfhgd fiCiency\arethe first criteria. The mixing
impeller is not normally cghf | 8hannel as with a pump, and rigorous
definition of the fluid me und the mixing impeller is more

complex.

l

It is also le FE' 3 ﬂ"": flow impeller in draft tubes,"

which define a total top- 1@- rattc-m circulatign, pattern in a mixing tank that can be used

encivaty o Bk ) Sl ARLELE) Ehd e, e 4 e
W LACR (e Ll a

and can be used

" A draft tube is a circular duct which is used to direct flow to and from the impeller, It is usually a vertical,

cylindrical tube with diameter slightly larger than the impeller diameter and a height less than the height of the
fluid in the tank.
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Figure 2.11  Fabricated A-3 impeller with stabilizing fins, variable angle, essentially

constant pitch.
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b) Radial-flow Impellers
Radial-flow impellers may either have a disc (Fig.2.12) or be open (Fig 2.13)

and may have either flat or curved blades. Open impeller types (without the disc) do

not normally pump in a true radial direction since there is a pressure difference

between each side of the imp nd to pump upward or downward while

ﬂ‘lJEJ’J‘VIEWl‘iWEJ’]ﬂi

re 12 Flat-bladasturbine

amaﬂn'ﬁ“ RN Y

c—t}rpe radial impellers do tend to pump in a more radial direction, although
at close clearances at the bottom of the tank or at close proximity to the liquid surface,
and with close spacing to adjacent disc impellers, their radial pumping capacities are

modified.
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type mixing processes. Thgfuse-ofiar,
q; e 7
in the two- blade paddle, whighis'¥pical 98 Solid suspension or blending applications

where high flow anj These impellers normally

operate at low speedgbecause ' e pm&s condition usually requires.

Low speed is ﬁ ﬁwgﬁ g ﬁ%er is mechanically more
mm

unstable than €/more common our- to mght—blade impellers.

QW?@Nﬂim URNINYAY
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Side-entering mi By ers which have very exacting
specifications and applicab .-a-,. 5 ous fluids, the flow pattern shown in

Fig.2.15 is excellent;sho

_, t the correct angle for the

top-to-bottom flow ‘pd P

¢ petroleum storage tanks

(either gasoline or oil nwer level are low on the ordé cf‘ 0.05 hp / 1,000 gal (10

W/ md). Undﬁhﬂ ﬂrﬂﬂcﬁﬂ ﬁtﬂﬁlﬂ sBﬁE' ﬂ@ed about 7 to 10° from

the tank dmmeta’ When looking from behind he mixer, if the_impeller is rotating

ok mmmmmm 8
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Figure 2.16  Correct angle to achieve flow pattern shown in Fig.2.15 vs. incorrect

angle.
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2.2.2.2 Top-entering mixers

The top-entering mixers are generally used as standard configuration. Axial-
flow or Radial-flow impellers in unbaffled tanks containing low-viscosity fluids tend to

swirl and produce vortices which are almost always undesirable. Installing baffles

If either the. of th H‘:: eller agitators are used in an

unbaffled vessel conta rortexing develops. The liquid

W

swirls in the direction of e g8 €@ drop in liquid level around the

agitator shaft. Vortexing ‘speed until eventually the vortex

passes through the agitatof. of vortexing systems is usually
lower than for geometricallySimilar honvo ems
---—IE

Baffles must '--_;I DI'e J when top-entry mixers are
1 .

located on the tank cepterline. This inglydes all types of mixers and impellers/

propelers ﬂ'LJEJ’J ﬂEJVlﬁWEJ']ﬂ‘i
W’%ﬂﬂ*&ﬂw‘}ﬁd SR b P of e et

where there is maximum agitation. Baffles also:

» Promote the flow pattern required for the process.
» Direct flow from the impeller, producing the required vertical, top-to-bottom

currents.
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» Change the flow from a rotary to a mixing pattern.
« Avoid excess swirling, vortexing and air induction.
» Greatly improve mixer-loading accuracy. The use of baffles yields more

accurate data, resulting in better mixing correlations and predictable process

results. Thus mixing loadi

g-specifying any two of the parameters power,

+ Produce more ws 'h dssallo ing for longer shaft lengths.

Vertical cylindn w1th four baffles, 1/12 the tank

\

diameter in width, exte ght side of the tank and located

90° apart. Wider baftles iéal mixing currents, but may act

5

as flow dampeners by redul otafy motion.

Fewer and Han baffles allc Stary motion but also reduce

. S ]
impeller draw. Th ;“n : l[‘ ied to the batch, because of
d .

swirling at high power livels

el ;mmm v P
o WAL T e

the baffle width from the tank wall permits the flow to scour the area behind the baffle.
Unless the baffle is offset from the tank wall, the area immediately behind the baffle
tends to be a dead spot. For higher viscosity batches, (i.e., p = 10,000 centipoise), the
offset distance is one-half the baffle width. As a rule, for open top tanks, baffles

should be made of the same thickness as the tank wall, but not less than 1/4 inch. Flow



24

induced loads act on baffles requiring proper support structure. These loads are a
function of the type of mixing impeller, tank diameter (Dy), speed (), Hp, etc., and
must be calculated by the mixer supplier. Once the supplier provides the loading on

the baffles, the user can properly design an adequate baffle support structure.

Baffles can be eliminat er mixers by mounting the units in

an angular off-center position, ry mixers achieve good top-to-

bottom and eliminate ive for non-Newtonian fluids,

such as paper stock,

There is a limi i ;-t can be applied to a top-entry mixer before

vortexing begins, so sy ble for high-power applications.

Power levels exceeding # of tank contents will produce

vortexing, even in a baffled tank-# ity fluids. Also, as the shaft rotates, an

unbalanced unidirectigr impeller. This causes stress

1
— =

; )
reversal on the shaft, and

0 | ij

shaft rotates, it goes thrq.:%cc&mpressmn tension on each revolution, subjecting it

1 St ﬂUEJ'J ‘VlEJWﬁW enNI
&Wﬁq i Wﬁ%quﬁ}ﬂnﬂnm on the tank

centerhne without baffles in waterlike viscosities. Vortexing will also occur in baffled

de larger as a result. As the

tanks with highly powered machines. Some process results are best suited for
vortexing flow regimes. These include certain slurry takedown applications with
difficult to wet out solids ( i.e., clays, talcs, starches, etc. ), gas liquid mass transfer

applications, where induction of the gas from above the liquid mass transfer
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applications, where induction of the gas from above the liquid level back into the liquid

via vortexing will enhance the mass transfer.

Portable or fixed mount top-entry agitators, with or without stuffing boxes or

mechanical seals, still allow for operating above or below the first natural frequency.

Larger mixers e A - { rbmes are usually mounted in
spanning the top of tanks,
band radial flow impellers are
un at slower speeds in larger

tanks. These impellers afe r ically, but do require a larger motor.

A single radial flo two distinct mixing zones in a tank.
Multiple radial flo -* ellers on & single 1 F‘g : a greater number of zones
or stages in the tank. ﬂhis type of flow distribution isaneﬁcial to plug flow reactors

or to prﬂmnteﬁlﬁgﬁcwﬂmg nlaﬁn;ﬁﬁc zone. Zone agitation

leads to non udiform distribution cf‘ reactants and temperature gadlents throughout
the stuﬁiﬁs’q aﬂq ﬁn‘ilﬂd Nvﬁhqh’)nwm alkgemg mixed with
multiple md:a[ flow turbines, where some degree of control from inlet to outlet is
required, this configuration can be used along with proper location of the inlet and
outlet to provide control of residence time and reduce short circuiting. Axial and

radial flow patterns in baffled and unbaffled tank are shown in Fig. 2.17 and 2.18.
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When high viscosity liquids are mixed, baffle widths may be reduced to 1/20 tank
diameter. With viscous liquids, baffles are most effective when positioned away from
the tank wall or at an angle to the axis of symmetry of the vessel. A space of 1.0 baffle
width is sufficient to allow liquid to move along the tank wall, thus avoiding stagnant

areas behind the baffle. When turbines and marine propellers are used to mix liquids of
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viscosities greater than 20,000 cP, baffles are not required. The liquid’s natural

resistance to flow becomes self-baffling and dampens vortexing due to liquid swirl.

2.2.4 Power

A mixer is essentially a pump, although not a very efficient one, and has many

which is expressed as 7 | S :
JHp (2-4)

p = densi f 1
i —— =3
In Eq. (2-4) 'Ji er the'f or the component / can be stressed

such that a large flow, snfalkhead. or a large head, small flow, may be produced for the

M1 71 T 671 o
manquqzahqﬁmﬁwﬁmﬂ a]r.a?‘e‘:appﬁes to a fluid

producesilow and head (or shear).

Impeller power consumption is a function of the impeller speed N, diameter D,

the impeller design itself, and a number of mixing environmental factors including:

1. Physical properties of the fluid medium.
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2. Vessel size and geometry, or shape.
3. Impeller location relative to vessel and fluid boundaries and relative to other
impellers or obstructions in the mixing vessel.

4. The presence or absence of baffles, their design, and location.

f, practical significance, although some

These are the major variables

\

investigators have reported otk

Flynn and Treybal found thaiet

completely filled wit

in special cases. For example,
V ace (where a closed vessel is a
o produce the same power
response obtained in a v d with an air-liquid interface, or

free surface.

The calibration ¢ or family of mixing impellers

determines the effect of the ent on the horsepower drawn for that

particular impeller desig _,lﬂ ion of pilot plant studies

and to assure proper 16adi MEErs. In order to minimize the

|
- !
number of variables, a cc?vement system mnﬁguratlon 1s selected. Thus, the power

— oﬁ%&;@%ﬂw IR G ot din i

basis of similar stems

’QW’]ENﬂiﬂJ UA1AINYAY

Tile effect of impeller speed and diameter If the power response of a given
impeller is measured at various speeds in water, the resulting data can be plotted as in

Fig.2.19. The slope of the line is 3.0, which indicates that

P« N? (2-5)



If different impellers of thésane. e run in water and in proportionally

large tanks. An analysis-Of iese-Cata SHOWS THAEZavaries as impeller diameter to the

fifth power: ]

AUEINIRINEINT  eo
PRARTIANIN N Y

P N°D; @)

It can be shown that impeller power draw varies directly with specific gravity

or density of the fluid:
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Pxp (2-8)
This was originally done by operating a convenient size impeller at constant

speed in various fluids of similar viscosity and widely different densities. Combining

Egs. (2-7) and (2-8),

2
-_—
Power Number-Reynolds Number Relationships
A Number of inu#StighidE have 1 \ »d ‘mnpeller power characteristics in
terms of the dimensionléSs g '. ver q , and Reynolds number Ng..
Equations for these quag fied ndv b
(2-10)
Vi A @-11)

.Fi
.

AN
QR BEABHAIN TN

M = fluid viscosity, cP
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The constants in Eqs. (2-10) and (2-11) are required to produce absolute
values of Ny, and Mg when the appropriate units are used as defined above. Similarly,

using SI derived units,

17
N o 2:158x10"R @12)

T

(2-13)
where P;=
p = fluid specific gravity” -

e
Hp = fluid viscosi B

The mixi ;—‘ o from the Reynolds number

relationship for flow in pes‘ i

FI'LIEI’J‘VIEJM‘W BIN3 —_—
maqumﬁfuumwmaa

D = inside pipe diameter

Typical power number-Reynolds number relationships for two different
impeller designs in a baffled tank are provide in Fig.2.20. The shapes of the curves are
similar to the friction-factor curve, the Np, - NRe relationship for mixing impellers can

be divided into three fluid zones: laminar, transitional, and turbulent.
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] = T T

L LIOUID VISCOSITY
GRAVITY CONSTANT

Figure 2.20 VAR ds number curve
2.2.5 The Age Distrib { Fibid Teavinga Vessel and The Mixing Time

rent routes through the reactor
. " f
may require different lengths of 5 p irough the vessel. The distribution of

these times for the strgz célled the exit age distribution

]

It is cuﬁfﬁﬁ ﬁpﬁeww g:y,]a ﬁﬂﬁd\ﬂt the area under the

E, or the residence ti

curve is unity, .
, o - o
PRNNTYYNINGRY
This procedure is called normalizing the distribution, and Fig.2.21 shows this

distribution in normalized form.
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With this representation the fraction of exit stream of age® between f and ¢+df
is E dt. The fraction younger than age f, is f‘lEdr.

Whereas the fraction of material older than t;, shown as the shaded area in

Fig.2.21, 1s

(2-16)

The E curve is nt for nonideal flow. Other

related distributions a

action of exit stream
= older than ¢

Figure 221 The exaf. age distri iflowing through a vessel; also

—

called r:de:nce time d;sinbut:on, or RTD.

n..mm.ﬂ'UEJ’J VIEWITW BIN3
QM?MQMWMMM Bl of racer of

mncentmtmn C, on the fluid stream entering the vessel. Then a time record of tracer
in the exit stream from the vessel, measured as C/C,, is called the F curve. Figure 2.22

sketches this curve and shows that it always rises from 0 to 1.

* The term “age” for an element of the exit stream refers to the time spent by that element in the vessel.
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Step input signal
A
1 -8 :
]
I
Tracer output signal
F ; or F curve
|
I
e < A E -
0 B .
t -
Figure 2.22 Typical downstg a@F curve, in response to an upstream
— _J
step input signal__ —
The C Curve
With no tracesinigially’ gresent @ny impose an idealized instantaneous

input is often called a delta

function or impulse. The nogmali { t is then called the C curve.

To perform this normalizatién w : meas ed concentration by Q, the

area under the con Q’- = ﬂ' ormalization,

ﬂ‘ljtl’mjtfﬁﬁwtl"iﬁ‘i =
Wﬁh iiptik e iRBE
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Ideal pulse input

Tracer output or C curve

C
i
1
[}
0 : :
0 i .
Figure 2.23 Typical do cdethe C curve, in response to an

Relation Among the F_@ : F/Curves and “Mear ime” for Closed Vessels

The closed vesSel | fluid enters and leaves solely

by plug flow, thus g velocities, back diffusion,

swirls, and eddies are not jpernsited at entrance and exit. Real vessels often

reasonably satisfy this assump' e T

To relate E §ith C |

$thiad the RTD for any batch of
J|
”j If this were not so, material

of different a “uaﬁ %ﬂﬂlﬁﬂ {eﬁﬁ,’fﬁ 'ﬁ:lating the steady-state

Far the following experiment, at time t = 0 a pulse of tracer fluid is introduced

entering fluid must beﬂe same as for any leaving batc

into the stream entering the vessel. The C curve for the tracer then records when these
molecules leave, in other words, their distribution of ages. Since the C curve
represents the RTD for that particular batch of entering fluid, it must also be the RTD

for any other batch, in particular, any batch in the exit stream. We have

I1729 400
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Thus the C curve gives directly the exit age distribution.

To relate E with F, for a steady flow of fluid entering the vessel, at time t = 0

switch to tracer fluid and record the rising concentration of tracer fluid in the exit

[fm - 77 a8 % (fracuo Exitstre'am]

Buttheﬁrstt TS

we have, at time ¢,
(2-19)

and on diffe s

ﬂumwﬁvmﬂmm
N T T T

only trea& the steady state flow of constant density we have

: V i : g :
T = i = holding time = mean residence time = space -time  (2-21)
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It may seem reasonable to expect that the mean of the E curve is given by 7
however this has yet to be shown. We do this by examining the contents of a vessel at

time t =0. We may thus write

_ of volume of fluid fraction of this fluid
© Tﬂ_ume ich had entered || which stays more than
fluid in the = ;
, about f seconds in the
vessel att = 0 )
vessel
In symbols and us ] this word-eguation becomes

(2-22)
or (2-23)
By changing the order of inrte 2RI ; e desired result, or
' | : (2-24)
= r Edt = 1
U
We may sumrrﬂzy ﬂn’gngs asElJIyl Euj ﬂ i
o
ARIAIDIUINIIYEIGY
or F = a = C t

and F st = (2-25)

It is frequently desirable to characterize a distribution by a few numerical

values. For this purpose the most important measure is the location of the distribution.
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This is called the mean value or the centroid of the distribution. Thus for a C versus 7

curve the mean is given by

. _['Fr:dz ;
F o 2-26
[Cd’:‘ )
If the distribution umber of discrete time values #; then
=4
e (2-27)
Properties of ing fage samined '@ function of the mixing time, and the

5

required mixing time is 4 ch, there is satisfactory assurance that

the values of the prope s. Decisions may be based on

visual examination of a plotfof fjfie’af san abscissa and independent variable) for

many operations. Evalua gt o' b different operating conditions (for

- — &
S

{1 g variables determined by

example, mixer spedd3) el

T
ob erating variables.

Mcm%uéimﬂuiwmmﬂd e st o e
T

ccep own in Figure 2.24 or to reach composition

examining the requireﬂﬁxing time as a function of the"

equilibrium by statistical analyzing as shown in Figure 2.25.
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Figure 2.25 Standard variation vs. Mixing time in 150 gal. Dough mixer.
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Kramers ef al. [14] selected required mixing time as the time for concentration

variations to become less than 0.1% of the average KCI concentration as shown in
Figure 2.26.

]
=== == |

S e L r A

: ——— I’h-l - s
eca \ \
- & ] e

JWF & F A AR, T AT

aination mixing time
Noi et al. [15]&

BEkime to achieve variation of
|

concentration of radioactive material (count rate) at both detectors less than 1 time

ot o TR WIS
RN TAUNIINGIAE



Figure 2.28 Scalar counts from detector No.2
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2.2.6 Standard Tank Configuration

The vessel configuration, shown in Fig.2.29 and known as the Standard Tank
Configuration [16], provides adequate mixing for most processing requirements found

in industry.

However, it should be \W )/ i the Standard Tank Configuration is an

éﬂ the best configuration to use.

nst
lds with a high solids content,

arbitrary standard which if*se

,ﬂ\\\\

é‘d‘d;
. ! -'

Aiflat blade disc, e impeller.

For special processing

2 high viscosity or a sheafSenfiy uration may be impractical.

\ g geometrical relationships:

1) The agitator is

2) Impeller diamet€; s eter D

3) Impeller heig . peller diameter,
¢ ]

] w
5) Impeller bl elength r=1/4 unpel]er diaméler.

6) Lwﬁu ﬂﬁﬁﬁ%@%ﬁtﬂ@ s=r2=1/8 impeller

dtam er.

ﬂﬁﬂﬁgﬂﬂiﬂ&uﬂl@ﬂmﬂﬂ

B) Baffle number = 4, vertical mounted at'the tank wall and extending from

4) TImpeller bidd

the tank bottom to above the liquid surface.

9) Baffle width W}, = 1/10 tank diameter.
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An analogous Standard Tank Configuration may be used with other agitator

types.

Driva shaft

~

e S Y

y .-..-‘.__"

T

In the pmcessﬂ!ustnes expenmental data are siten available on a laboratory-

size or pﬂot»mﬁsﬂ%rﬂﬁﬁiwmup the results to design

a full-scale unit USince there is muc.b diversity in groceases tob caled up, no single
reimRARDE T B e B T
exist. Ganmetnc similarity is, of course, important and simplest to achieve. Kinematic
similarity can be defined in terms of ratios of velocities or of times. Dynamic similarity
requires fixed ratios of viscous, inertial, or gravitational forces. Even if geometric

similarity is achieved, dynamic and kinematic similarity cannot often be obtained at the
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same time. Hence, it is often up to the designer to rely on judgment and experience in

the scale-up.

In many cases, the main objectives usually present in an agitation process are as

follows: equal liquid motion, such as in liquid blending, where the liquid motion or

corresponding velocities are approximately the same in both cases, equal suspension of
solids, where the levels of sispension are ‘the’S: and equal rates of mass transfer,

where mass transfer is gecims dsolid phase, liquid-liquid phases,

and 50 on, and the rate§arelic ; \

A suggested si€p-b

follows for scaling up {6 | ‘ “ ,:‘- %\\\
- nd

¥
¥

the scale-up is detailed as
the geometric sizes given in

standard configuration a€ on, to the final conditions of D,

fl’fs{ “'j-:t.lr ,

Dy, and so on. —

1. Calculate the s ;;‘"—"“'__"i"—"_l". al vessel is a standard

cylinder with Dy 'EE‘ € volime Py J

At dpus WANT e

ANAINIHIMINYAY

e volumes i3

=D;, /4 D
zD3 /4 - D},

(2-29)

- [.j\".

The scale-up ratio is then
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%
V. I
R = [—1J = =2 2-30
Z D, (2-30)

2. Using this value of R, apply it to all of the dimensions in standard configuration to

calculate the new dimensions.

J (2-31)

where n = 1 for I "" e 43/4 fonequal suspension of solids, and
n = 2/3 for equal rates o s c ,':.‘ lich i3 equivalent to equal power per unit

volume). This value of n is'ba f) 1d theoretical considerations.

T

Cn:mductmmetﬂ method 1s the first electrice

e “"ﬁ ¥ Eﬁﬁ’fﬂﬂ"ﬂ WER ey e

Conductivity prBperty is dependent on the number of ions hecause ions can conduct

i) T R e - G PRI e oo e

mncemraunn and medium so the measured conductivity is not a specific amount for

measurement applied to

one ion in solution.

Conductance is the measured current occurred from the movement of positive
ion to the cathode pole and negative ion to the anode pole have unit of electrical

potential. The current occurs in according to the Ohm’s law.
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I-E 2-32
e R (')

when E=1 I = {2_33)

| =

The measured / when £ = 1 is Condugts

(2-34)

. M
™
The flow of faries With t \1 ance in the solution. If the
R"!-

the conductance is inverséd 1 iieresista¢® (R). \f'the solution has the homogeneous

movement of the curren

substance, the resistance i§ vafied 16 ( -;:,.‘ s \ nd opposite to the cross sectional

area (A) of the conducted matu

(2-35)

(2-36)

AUt INgnINENg
When pr.. (specific resistafice or resistisity (Ohm-cm.))asheans the resistance
e AN AR ST AN AN L

Specific conductance (or conductivity, k) is the inversion of the specific
resistance. The unit of conductivity is Mho/cm. or Siemen/cm. According to the

following equations.
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1 1 A
L = = = —— 2-37
R T (2-37)

A
L = kg (2-38)
The length of the conducted matter or the solution (/) per cross-sectional area
(A) means the distance between - les ol afce | per the cross-sectional area of the
pole. This ratio is called

(2-39)
(2-40)
The conductivity f the o i _ pnd$ on the cell constant so the cell

constant calibration is necessary-torthe ity determination.

2.2.9 Methodaf ) amce

After iw ﬁ w BET WETIT ﬁ%&d liquid, concentration
change and mixipg time are measured in an appropriate location of the vessel. [17]
, ¢ - o/
The fo ' :
YRARGATRIAMINY 1A Y
1. Using a small amount of electrolyte as a tracer, the concentration change was
measured by a small probe. [18, 19, 20, 21]

2. After introducing warm liquid, the temperature change is measured with

thermometers located in various positions. [22, 23]
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3. After injection a dyed solution, the spreading patterns are followed by eye, by
taking photographs or by using a detector comprised of photoelectric converter.
[24]

4. After injection of a decolorizing agent as a tracer into a dyed liquid, the state of

decolorization is traced. [25, 26]

5. Schlieren method whichiis a techalafferto trace the uniformity of solute

refraction index. [27]

NRles ic conductivity presented by
Kramers et al. [27] anddFighigl 231 shows Schlie en technique which detects the

It is essential to s 1 olvable de@ree offluncvenness of solute concentration.
Fig.2.32 shows the variation in dbssrved mixing time 6 with the difference of criteria
for sufficient mixing-#28] From this diagram we can'c are the sensivity of various

methods in measuringﬁ dng

e BRI B e

tracer undergo 1 instantaneous che.t;ucal reactmn at their mterface so the observation

ot BT HARN T B B o

from mher techniques.

A decolorizing method is conveniently used for detecting dead space, but is
influenced markly by the ration in quantity of two reactants. In the case of

neutralization reaction where alkaline solution with phenolphthalein is neutralized by
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acid, a tracer containing 20-30% excess acid compared with that equivalent to the base

is adequate to give a steady mixing time. [29]

Figure 2.30 Me f measuring by electrical conductivity.
Ve — <

The measuring) methe $"Used, for macro mixing. A direct

method of measuring thé micromixing stat@is hard to find. Merely by an improvement

e ﬂﬂlﬁﬂﬂmium cpecily i
" W"’Pﬂﬂﬂ'ﬁ'ﬂﬁ HATTITHTR o e

layer m arise around the probes by adherence. Thus, for the measurement of micro
mixing state, an optical method is recommended. As another approach, it is well-
known that the rate of second order chemical reactions is influenced by the state of
mixing. Using an inverse relation, we may be able to evaluate the degree of micro

mixing from the rate of chemical reaction. [30, 31]
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Figure 2.31 Expef ta] iy by Schlicrén method
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4

Figure 2.32 Variatiofl of y f

l r sufficient mixing.

- ] \,“\\ \‘-
Enszdmmwfupmﬂn, J@itatog D H A 30 i A -;'."_\‘.-; /D = 0.075, 8-flat-tlade paddle; 4D
o WD = 1410, CI'H*']H- N Re =2 2104 Agitated lignid, tap water (17 1)

(:Uﬂdﬂmm method. 1 g d Ll e ECl saln of .
Schnmmm;ﬁmrsm "." “’i":‘s of piwiter. g
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