Chapter I1I
Literature Reviews
Mixing has been studied singé and the foremost studies of mixing were
concerned with batch mixings In tha ) parameters affecting batch mixing
| —

Power

Rushton, Costish an ¥ 32] fou p \\\\\ olds Number was the function

\- the study of Power. In 1950,

of dimensionless grou )& mixing tank. The power curve for

the Standard Geometrica guration has bedn experimentally determined by a
number of people, Rushton, Céstish-and=E¥Crett [32] in 1950, Bates, Fondy and
Corpstein [33] in 1963 Chapman! U gligns [34] in 1965. A power

-
-

i a5 Fig3.1. As the Reynolds

curve is a plot of ¢}

number increases, thﬂlow changes
Configutration the transitidisi al, covefi e e = 20 to Ng. = 2000.
The power nﬂT :ﬁ:ﬂ:ﬁr i mﬁ'ﬁ:’the Reynolds number
until N; _ ﬂ;@l e ﬁ‘l is. poi energy is being
transfeaﬁ ﬁmfﬁ ﬁ;ln. ﬂm ‘ ever, effectively

suppress vortexing and the flow remains dependent upon the Reynolds number until

VISCous n[b rbulent. For the Standard

Nge = 10,000, When flow becomes horizontal (segment DE). Here the flow is
independent of both the Froude and Reynolds numbers.
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A power curve for unbaffles vessel of an otherwise Standard Configuration is

given in Fig 3.2
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Figure 3.2 Power curve for an unbaffled vessel

From Fig.3.2, The power curves for the baffled and unbaffled systems are
identical up to Nz, = 300 when vortexing begins. As vortexing increases, the power
falls off sharply, and the power curve assumes a changing negative slope (segment



CD). In fully developed turbulent flow (Nz. > 10,000) the slope of the power curve

has constant negative value (segment DE).

From the power curve, it was reported that when the Reynolds Number is
greater than 10°, the Power Number is constant at 6.1 so the range of Reynolds

Number in mixing operation should not

2 ter than 10* because of more energy loss.

In 1957, Johnstgiaewan , g [35 ~“‘-u 58 the principle of similarity for

xﬁ%\
AN

Scale-up Method

using in batch mixing & imilarity is told that in liquid

mixing, it is necessa ty: geometry, kinematic and

dynamic.

Two system are Said ‘i g surulanty when the ratios of
corresponding dimensions ingone s¥staii as 2 ‘ @ those of the other system. Hence
geometrical similarity exists bety wo pieces of equipment of different sizes when

they both have the same
\7

Kinematic SU'I';E'I i

only are they geometricayyginﬁ]a: but the satios of velocities between corresponding

vosince LRI E T TWE N T
gec-metiw’«] ﬁmm m‘m , the rannstH:es betwgnd::n-ﬂe::o:::z

points in each system are equal.

d
/S e@ of different sizes when not

Impeller

The first mixing impellers were probably simple two-bladed radial paddles.
Widely used devices remain variations of the radial pumping impeller. Radial impellers
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are generally applied to applications requiring the generation of shear in order to
produce mass transfer to material dispersion. In recent time, axial-flow impellers have
predominated in many flow-controlled processes (mild blending, solid suspension,

etc.).

ial-flow devices, a good deal more pumping
he Rushton turbine (six-bladed disc

I@t studied. The results of nine

tl.lrhlnf:] ha.s hﬂen dﬂcu '-uid;:l w
| .- J1E'3.1. In view of the different

studies have been am disthn
NN

Because of the longevity of the

S\

; /// - \w ts is truly remarkable. Sachs

W

36 '?,
photography techniqués tofmeisdre tl > discharg Gl y from the impeller. Cutter
also used Kiel probes t6 cr@ssihecked N three-dimensional pitot tube

was used by De Sousa afd Bike, £ soper aic u , and Kratky er al. [40, 41, 42].
SoF 7 -

measurement techniques

and Rushton, Tennant, 38, 39] all used streak

e : i i
Cooper and Wolf cross-checked the ing a hot-wire anemometer in air. The

study by Reed et al. [43] sents the first latarusing a laser velocimeter to

measure the flow in -TT' g ves: 45 t work done using a six-
bladed impeller, the ﬂ number for a Rush n'turbixais reported as 0.75 + 0.04,
several of the Faﬁm’. ha¥esmeasured velocity variations across the centerline of the

AN i e

ok s Siaierob ik el i)

radial plume.

A great deal of information has been published on pumping and power for
sundry radial-flow impellers in a wide range of vessel geometries. In some cases, the
tanks are baffled; in others, they are baffled. The unverified results for many of these
sources are listed in Table 3.2. These results, when used with care, can provide a good

basis for design information when comparing different types of impellers.
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Figure 3.3 Centerling yel0 Cite s by various investigation

al-flow impellers (marine
propellers and pitched-bladg hifes) bre a e 3.3. Nagata [44] reports
‘ e arine propeller.  These
measurements were take .8-in.-diameter impeller after
aligning the probe with the mean fio hy Cooper and Wolf [41] using a

hot-wire anemometer and * ’: a flow number of 0.53.

Although the two resuls ¢ -f impellers, it is presumed

that the marine prupelms tested had pitch ratios arodsd 1.0. Results which did
stipulate a pitch ii)f f 0%in u:ate a ﬂnvMumhcr of 0.40 (work by Rushton and

Oldshue [3]). 1 &l’nd -:m different impellers of

s ﬁ"\ﬁﬂf‘i"ﬁ mm B o, T
ratios wﬁd ‘EII:] 0.73. These
results were obtained by using a double tank arrangement with an orifice, allowing the

impeller to pump from one tank to another tank at a constant head. They indicate an

increase in flow number with increasing pitch ratio.
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Another technique used to measure flow was the time of flight of a particle as it
was projected through the impeller region. Results obtained by Marr [46] using this
method are shown in Table 3.3. For marine propellers ranging from 2 to 5 in. (50 to

130 mm.) in diameter, a flow number of 0.61 was measured.

with different pitch ratios, , h defie . urement technique. Table 3.3
also presents measureme /4 \\\ - Nagata published data for an
11.8 in. Impeller operating a / ‘ fical te .‘ th and without baffles. These
measurements were made A Pit t ubé, The res 1 dicate a flow number of 0.3 1
for the case without baffleg® 1.2 floy 0 ‘ \ 37 when eight baffles are used.

= W
Thus, the use of baffles iMiprgved z J ate by a factor of 3. The measured

power numbers are listed for ;4:1—".1:_

The study o “-~ yétem has been investigated
widely. Hirsekorn .ih’h- ng the paddle with the high
viscosity liquid and they ;ound that it can wurk effectively. Weber [48] found that

i sk {81 3 A1 TR ] o o i vt

liquid. For the stdy of the 1mpeller in the low wscns:ty liquid wtem, Holland [16]

oo B BB 4 0 04 o e

turbine (invented by Rushton) as impeller. This standard configuration are used with
low viscosity liquid system. EEUA (Engineering Equipment Users’ Association) [49]

showed the agitator selection as follows.



Impeller

Propeller (< 2 kg/ms)
Turbine (<50 kg/ms)
Paddle (<1000 kg/ms) viscosity increases  speed increases

Anchor

Helical ribbon

Helical screw

Anchors
Helical ribbons 1 hi ‘
Helical scre §’=ﬁd

.ll m
i¥

blentling pastes, rubbers, doughs

Snoaders dispefsing fine solids infiscous liquids, etc.
TS WS
Baffle . y £ L : PP ~of
ARIANNIUARIINE IR Y
Another parameter studied was baffles. Lyons [50] found that there is no need
to use baffles for vortex protection in the over 600 poise viscosity liquid system and

the laminar range system. Bates, Corpstein and fondy [33] found that square,

rectangular, or horizontal cylindrical tanks with vertical shaft installation show a swirl
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damping effect intermediate between baffled and unbaffled cylindrical tank design. The
amount of side-wall baffling needed to achieve maximum power has not been explored
extensively, but it is common to add two baffle at 180° on the tank wall adjacent to the

impeller.

hal. Flynn and Treybal [51] found
that more baffle is requirgd. ith liquid than needed where
an air-liquid interface s o’ ishire) a' fully baffled” condition. This work was
extended by Laity and ‘ a a 16.7% baffle width was
required to give the samg pgw ..- _ yid » tank diameter having a free

surface. In addition, Laity and ut measurable effect of flow rate

on power number. They obtéingg ait incre: ower number linear with the ratio of
flow rate to vessel diameter ne of 32 sec., doubling the flow rate

yielded approximatel ¥A% iNCrease i po Y

y § m
ixing Time

Y :a.m mgm —
L R HR I G YT ABAG b e

flow type, but neither the circulation nor the shearing actions should be neglected in
general. For baffled agitation, Nagata [44] derived the following correlation in the

range Re ~ 10*.
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é:m{ n[%T N4 +n.2m(%][%jTH1 He-l!!d‘a’ﬂ]’} (3-1)

Ny is the discharge flow number . Therefore ;= N, * nd’ is discharge flow

rate and the total liquid volume to be circulated is proportional to D', Thus N, n

Values of Ny an Qf type. Several examples are

listed in Table 3 .4. er types ofimpeller may be estimated by the

(d/D)’ is a sort of circulation vel

following equations ref;
Continuous mixing syst

In continuous mi eI, St /Cho sfte and Cloutier [53] found that in
I for-of highascosity liquids, ith
ow speed agitation, or in aglta ; : osity liquids, a stagnant corner with a
small degree of mi ay appear as a result of

incomplete mixing. 1V"f- | .- -;? with an appropriate model,

the state of mixing in the yassel may be represented The model proposed by Cholette

e at o o il 94 SQ W’& Bhctoh bipomplee mixing. The
fraction of flow is cnmpl m:xed iﬁ gﬁ t flows into the
stagnmi:Ea:J @en | s ﬁﬁﬂg ﬁTakanmtsu and
Sawada [54] generalized the Cholette model and extended the range of application
from low to high viscosity regions using the flow model presented by Yamamoto e al.

[55]. As shown in Fig.3 4, a stagnant zone A and a complete mixing flow C controls

the transition region (2), and complete mixing C, a stagnant zone or a forced vortex



67

zone D and a channeling E is combined in the turbulent region (3). They presented
experimental results shown in Fig.3.5 and evaluated the quantitative fractions of
volumes of the stagnant zone (Vy), the piston flow (V,), the complete mixing flow (V)

and the forced vortex zone (V) with change in Reynolds number.

Sawada’s model

zdne C: complete mixing flow zone,
iy

¥ '... eling flow zone

Inoue er al. [5 51 proposed another flow mnde 1863. They divided the

vessel volume uﬂ 1% E}ﬁ?sﬂd&}%g w@ﬁsﬂﬁwd in each individual

cell. The l:hscharEé flow from the impeller reaches.the vessel walland is divided into
an upwwmm& m\:jmul“fl]ﬂ m ﬂqﬁlﬂplﬂlﬂf passing
through the forced vortex zone. These two are assumed to be well mixed by the
impeller and the combined flow is discharged again. By measuring the response curve
generated from an impulse injected in various positions of the vessel, one can show the

mechanism of mixing in the vessel. In 1962, Van de Vusse [57] represented the flow
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model by assumption that the flow in a vessel is represented by stream lines 1, 2 and 3
shown in Fig.3.6. The feed is injected into stream 1 and an outlet stream is discharged
from stream 2. Stream 3 is a circulation flow. The state of mixing along the three
paths is replaced by that in continuous stirred tanks in series in n-th stages and the
mixing mechanism is represented by their mean delay time of first order and the
number of vessels in series. Sate 4 x niyt applied this procedure to impellers

59] Q input and the corresponding

v obtained a. m or first order moment, a

set in two stages. Otto &
response curve. From these

variation or a second oz order moment, and proposed

a method to represent nby a mixing index. In 1959,

Marr [46] represented af eq@is concentration when a pulse

concentration disturbance is 1 . A flow within the vessel

was assumed as shown in Fig.3.7.7 n Fig.3.7 mixes the streams, g and (g,

me. *__ listributor was assumed to

Y J

ipi tlii Cp, entering and Cp, leaving
!

Vr' -

have the following relatminsh:

- g, instantaneously.ini 4 region of _

AuEINENINEINS

the distributor:

NIy
where t=V/2(q,-q;) (3-3)

¢ = Internal circulation flow rate (function of DN°)
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gr = Inlet flow rate

From the study of the continuous mixing system, the models describing the
continuous system are diffusion model, continuous stirred tank reaction in series and a

model combined with a complete mixing flow and a piston flow.

oo gAY ; l'“—- i\ :ﬂu\. b
o ' -
E fucthll of
8 o
f
e
= ction of C.R.Z.

O,_.-O-"
0—~o—0
W 10%

..*" J

|
Figure 5 Dlagram shuwmg the distribtition of zones

Figure 3.6 Van de Vusse’s model
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cﬂ\,

Figure 3.7 Flow,dieeraiiiigs cotinupiS lowsthsough an agitated vessel.

From literaturcg@vigh fnéfanicters al «, ch mixing system have been
studied widely and dgf’ cgflcétat e ¢ ol study of continuous mixing
system are aimed to gdevglo ‘ ice, the parameters affecting
continuous system whicH haffe ad “ ‘be Used readily and this study is to
determine other parameters t ,,é:- e G luous mixing system to make the data

more complete. A yi
V. Y )

ﬂ‘LlEJ’JVIEW]?WEJ’]ﬂ‘i
ammnimum'mmaﬂ
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