Chapter V
Results and Discussions

5.1 General

apacities of continuous stirred mixer 6.3,

The mixing systems used were !
12.3 and 21.2 liters. Full jj_ fich is commonly used in industrial
mixing of low viscosi = whole range of speed of the

agitator. According te®dity e hydrodynamic in each system

must be kept similar. nnexes was used to calculate the

dimensionless group 1n anuc in each system similar.

Reynolds number was tl £sS group used to maintain dynamic

similarity. The revolution system were varied to achieve

dynamic similarity as shn 1B ?' ESL T olution of the impeller in the smallest

tank was 264.87, 44 l;f—_——h

Volumﬁf the tan "Revolution of the
Impe]ler (rpm.)

ﬂ‘IJEl NENINGENI

264.87

AnadI [RGB

|

21.2 412.18
29438
176.58

Table 5.1 The revolution in each tank to achieve the hydrodynamic similarity
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Another controlled factor in continuous system is residence time and the

following table shows the inlet flow rate to achieve the required residence time in each

system.
Volume of the tank (liters) | Residence Time (minutes) Flow rate (cc/s)
6.3 KA E 3.49
SN /2 1.90
123 1™ 6.82

S — 372
% 2.27
xk\.‘ 1.64

21.2 ‘/ «!‘a \ 1;;?33
1/5\\\\\ -

h1g the residence time similarity
A

Table 5.2 The inlet floyfrafe i €4ch tanles \

g
!"_{ Ay .‘J‘

Almost all !Eﬁrjp ,-‘ al t in continuous system and two
experiments were ;:m‘:'* iments were measured by

conductivity method ﬂdet ine the ¢ tracer! femained in the system. The

YLk %WE‘J“’I?h‘

. Size of the system three sizes ofithe system, 6.3, 12.3 and 21 &/iters.
2. Tw‘gquﬁglam ;Jmf ulﬂm’]a]mﬂpa a‘l‘.gL 6 bladed disc

turbine and 6 bladed 45 degree pitch turbine.

—

3. Calculated residence time: four calculated residence times, 30, 55, 90 and 125
minutes

4. Baffles: with and without baffles installation.
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5. Position of the impeller: two positions of the impeller, 1/2 and 1/3 of liquid level
from the bottom of the tank.

6. Revolution of the impeller: 264.87, 441.57 and 618 .27 RPM in the smallest tank

7. The ratio of impeller diameter to tank diameter: 0.33 and 0.42

8. The direction of the 6 bladed ¢

counter clockwise.

The experimen 10* < Reynolds number < 10°.

At Reynolds number gre; #ill'form in the center of the tank and

may cause air to dissolve ém n'the range 910 <Re < 10°, the system is in

the transition zone, the the liquid and the impeller is so

large that the centrifuge [lie operating condition should be

e

selected so that the system 1§ irfhe‘urbule e {0 remove this effect.

T
5.2 Impeller Revolution Calibr: fion. 4
N T X

The impeller revolution is calibrated with the véltage input in the experimental

.o -
e INEINY N
From Fig 5.1, it is found thaf'the relati the revoldtion of the impeller
and mﬂﬁﬁiﬁﬂﬂniﬁ:g ﬁtﬁmexjﬁy the ful:\aﬁng
equation.

Revolution (RPM) = 4.754 x (Voltage Input (V)) - 27.252 (5-1)



Calibration Curve

Revolution (RPM)
s 2888

150 200

Figure 5.1 Calibratienefitye between impelle tion versus voltage input.
5.3 Conductivity Cali

The concentrationgls g&libre

The calibration curve is s! I Frdire’s

[}22

q Conecentrati I;I'l (MolAitre)

, ¢ - Y3

2] AL RN DAL AL aicn
From Figure 5.2, it is found that the relation between the concentration and the

conductivity in the experimental range'is linear. This relation can be expressed by the

following equation.
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Conductivity (S/cm) = 307.2 x Concentration (Mole/liter) + 0.16 (5-2)
5.4 Discussion on Batch Mixing System and Continuous Mixing System

Batch and continuous mixing system were set up in order to compare the

performance of the systems. In continugus stirred system, the inlet flow rate was set

very slow in order to make the'e

as possible. From Fig. 2 Lk lﬁrﬂmn in batch system during the

first period increased sine curve until it reached the

final concentration. Ipg® inging occurred during the first

o L\

period but the slope ip€feagedfSiiarp y ‘; a peak, it was constant for a

while and then the slop dg \ ched the initial concentration. It

is found that the peak of co inuoiis Stirre 1 was less than the final value of the

Fisess
batch stirred system b the ™
atc sy ecause t 57

-y
Yy

racer could exit as soon as it was injected so the peak

il

of the continuous sydtém was always less than the fingl concentration of the batch

A

system. E

U

SV N pTobs; b b M

0.00 5000 100.00 150.00 200.00 250.00

Time (minutes)

— Confinuous ., .. Batch

Figure 5.3 Comparison chart between batch and continuous mixing system
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5.5 The Parameter Effecting the Continuous Stirred Vessel

From the results, there were two interesting parameters to analyze in

continuous stirred vessels, residence time and mixing time.

5.5.1 The Parameter Effecting the Residence Time in the Continuous Stirred

Vessel

In the determindfiBH G the 'demhe tracer was injected at the

entrance to the vesse

interval until the co \ \ sncentration. The data were
normalized and the wSidgficgftifie was \ e given annexes. From the
experimental residence’ti ing the continuous stirred vessel

were found as follows:

For the same "ilr .

W

g0 ation, the required residence

time was longer as rotatibpal speed of impgller was increased as shown in Table 5.3.

rrom g5 Eoldeted 1) o JAINE ML s o mpter v
Wﬁﬁmw mﬁw ’Ta GET easing slope of

higher spged was steeper. It could be explained that high rotational speed sent a large
amount of the tracer to the stagnant zone, near the bottom of the tank and caused the
system to reach the homogeneous state more quickly so the tracer left the system more

slowly.



5.5.1.2 Effect of the Inlet Flow Rate

In all experiments (Fig.5.14 - 5.18), the residence time in the system with high
inlet flow rate was shorter than the residence time in the system with low inlet flow

rate. The experimental residence time is less than the mean residence time. At

In almost all e peller with disc (Fig.5.19-

5.24), the required re 1 n set at 1/3 of tank diameter

‘\\ sidence time of the impeller

bottem. From Komolgoroff's theory of

above tank bottom

energy dissipation [llJ] which ;) ' F as a transfer of kinetic energy down
the scale from la i_,; ddies 16 smalicr .1.;:.;;.3:3;;;:;-_;; e eddies had large velocity

fluctuations and lar inet! ar dies impacted tank wall, it
g P

caused another eddles iff the o i'pcsmz direstion due to kinetic energy transfer. The

e AT R s
o "W'W'Tﬁ N ?miﬁ‘ﬁ“l”? MR TR R o b

thereh}r raining the tracer up to the exit at the top very rapidly. But in almost all
experiments using pitch blade impeller rotating in the direction that caused the current
to flow up to the liquid surface, the required residence time of the impeller position set
at 1/2 of tank diameter above tank bottom was shorter than the required residence time

of the impeller position set at 1/3 of tank diameter above tank bottom. It may be
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possible that the axial flow impeller could lead the tracer direct to the surface and exit

more quickly.
5.5.1.4 Effect of the Direction of the Impeller Rotation

The direction of the impeller rotation was varied using only 45° pitch bladed

impeller. In almost all experimen g3 30), the impeller position was set at 1/3
of tank diameter above tanksbetiom, the esidence time of rotation in counter
ﬂ

clockwise direction” | ion. It may be possible that

the rotation in the cloclksfise dig€ gty \:'\\\\ acer directly in the downward
direction causing it tggfiit 4 -'.7' ol ﬁ \

according to Komolgorg = r}' \\

system more rapidly than, : ﬁﬁ 1

(R 2

5.5.1.5 Effect of :f:z:f" IAZIN

and creating more turbulent

» sing the tracer to exit from the

Medce time in small tank was
T
u

From the expér

shorter than large ta.nﬂ It could be explained that there are more circulation currents

in larger tank cﬁxﬁélgﬁlﬂ W\E’ ﬁTpﬂﬁ. the circulation current.

The more the tr%er is in the circulagion current, e longer is thvsldence time in the

micng Q. | 1NIT1 3L u‘m'mmaa

5.5.1.6 Effect of Impeller Type

From Fig.5.37 through Fig.5.42, the impeller type are compared as follows:

* Rotation in counter clockwise means rotation in the direction that cause the current to flow up to the liquid
surface and Rotation in clockwise means rotation in the direction that cause the current to flow down to the tank
bottom.



36

5.5.1.6.1 Straight Bladed Impeller

In almost all experiments, the residence time in the system using 6 bladed disc
turbine was shorter than the system using paddle. It could be described by Marr's
model (Eq.3-2). From Marr’s model, the residence time is a function of the internal

flow rate and the internal flow rate is' @

nction of the Reynolds’ number and the

ler with disc had a pumping

characteristic (impelle fpute pilis d T1ow) so the impeller with disc

caused more discharg ' gitel -Th, ] : flow rate, the shorter is the
residence time
55.1.6.2 5t
In almost a v _the residence time in th ‘ system with straight bladed

impeller was shorter tgl the dladed gmpeller. It could be explained

by Marr’s model (Eq.3-Z)ahat straight blade caused more violent current than pitch

blade at the Quﬂg mﬂﬂj Wﬂgenfjtmght bladed impeller
M LA U T LN

3.4, the discharge flow rate from straight bladed impeller was greater than pitch bladed

impeller so the residence time was shorter.
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5.5.1.7 Effect of Impeller Diameter

In all experiments (Fig.5.43-5.44), the residence time in the system with larger
impeller diameter is shorter than the system with smaller impeller. It could be

explained that the larger impeller could sweep more current than the smaller impeller

In this experimga t baffles could not be set at

high impeller rotatio winging in the measurement.

However, the system. ation speed of the impeller and

it was found that there €. From the results (Fig.5.45),

baffles are not required in thelami#ids flow

5.5.2 The Paramete
In the determiﬁi racBr was injected at the entrance

e LContinuous Stirred Vessel

]

and the concentration ofgthe tracer was mgasured at two points, at the impeller level

BN TYE T YT Tt CHA
) T ATV e [N I

tracer injéction to the concentration difference between two points was less than the
acceptable value. From the experimental recults (Table 5.4), the parameters effecting

the mixing time in continuous stirred vessel were found as follows:
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5.5.2.1 Effect of Rotational Speed of Impeller

For the same type of impeller and tank configuration (Fig.5.76), the required
mixing time was shorter as rotational speed of impeller was increased as shown in

Table 53. This is caused by more convective mass transfer occurring when the

mixing time model (Eq.3-1)
could be used to explain arge flow rate, the shorter is

the mixing time.

From experiments, compd mestraight bladed impeller with disc and

without disc, it is fplddl that the mixing time in thBbsiom using flat bladed disc
Yo AY |
impeller was shorter tﬁ Sterflising bladed impeller without

disc. It could be decribetl that the disc separated the system into many small mixing

W—— ﬂnuﬂm’lllﬂ PATIEI AN et e s
- ”‘Q‘W’TEN ARIVEL NN (1 | g

than the dystem without disc.
5.5.2.2.2 Straight and Pitch Bladed Impeller

For the same condition and tank configuration, the system with straight bladed

impeller has shorter mixing time than the system with pitch bladed impeller. It was
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noticed that there was disturbance in the first period in the mixing system using pitch
bladed impeller. From table 3.4, the discharge flow rate from straight bladed impeller
was greater than pitch bladed impeller so the mixing time was shorter. It could be
concluded that the impeller which generated radial flow could achieve complete mixing

faster than the impeller which generated axial flow.

5.5.2.3 Effect of Diag

In all experiments¥ he system with larger impeller

is shorter than the mixing ailer impeller. It was noticed that

there was disturbance ij 1g system using larger impeller.

palle s convective mass transfer when

The system with larger j

its rotational speed was eglia ‘“ﬁﬁ}? : \ aller impeller.

In all experipigts: 5 the system with high inlet

| 1
flow rate was short han the system with low infé

contributed to ﬂlwﬂ:‘aﬁﬂ ETWITW ET’T system which is a non-

flow system so'the higher inlet ﬂmf rate causad the system to mlx completely faster

o b B 3 T UNIINYAY

5.5.2.5 Effect of Direction of the Impeller

flow rate. The inlet flow

The direction of the impeller rotation was varied using only 45° pitch blade at

1/3 of the tank diameter from the tank bottom. In almost all experiments (Fig.5.80),
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the required mixing time of the counter clockwise direction of the impeller rotation
was shorter than the clockwise direction of the impeller rotation. It could be explained
that the rotation in the counter-clockwise direction conducted the tracer to the liquid
surface more directly and rapidly than rotating in the opposite direction to overpass the

exit so it could not leave the system rapidly, so it spread over the system more rapidly,

mixing time as possible ~' not be longer than the mean

residence time because thi€ theoretical value that the time
the system holding the tracer the inlet flow rate. If experimental
residence time is gregte jefthe tracer is circulated and

trapped in the dead ‘f,n
)

ﬂ‘lJEl’J‘VIWl?WEJ’]ﬂ?
amaanmummmaa

Il be longer than expected.
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Table 5.3 The residence times at any conditions

Position
Tank Type of the Mean Residence 1/3 | 1/2
Diameter (cm.) {Impeller Time (min.) Rotational Speed (RPM)
176.58] 294.38| 412.18]| 176.58| 294.38| 412.18
30 Turbine 30 17.84] 17.98| 18.09] 18.11] 18.19
28.14] 2836]| 31.50] 3225 32.32
0.40] 51.66| 5047] 52.25| 53.29
70.62) 74.15| 75.05| 75.06
Paddle 18.54] 18.08] 18.96| 1907
33.23] 31.93) 32.69| 32.87
53.76] 52.59] 5366| 55.03
7781 74.09| 72.34] 73.47
45° Pitch CC 19.68| 18.73] 18.89 -
- 31.231 33.04 -
45° Pitch CW 19.55 - - -
37.98 - - -
Tank Type of the = Rotational Speed (RPM)
Diameter (cm.) [Impeller : 11N 53.26] 494.62| 211.90] 353.26] 494.62
25 Turbine BET B} 2 647 16.02] 16.26] 16.62
e 43— IR A4 06 RS = = E
W d7s3| - - -
0.0417 69.61 - - -
Paddle 163248 16.46| 16.06] 17.04] 16.81
28.59| 28.64 - - -
601 £4638) 15231 15.60 -
Tank [
Diameter (cm.) 441.57| 618.27
20 &45.60] 1581 O
B
1593] 16.53] 18.28
Big Turbine 30 15.29] 1534 -
Big Paddle 30 16.97] 1735 1581



YU Table 5.4 The guxmg times at at any Cundjtm

Residence
Time (min
30
|Pafld
Q t ‘
45fp;
55 Standard,
Bigger
P
15 dar
Paddle
iﬁ‘q

60

®°0f Position to Lig. H

1/3
tion (RPM)
41.57 618.27
102 99
80 -
105 115
150 140
180 150
200 140
130 -
00 140
0 170
70 220
42 42
50 44
‘ 48

amaﬂnimummmaﬂ
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Figure 5.4 Comparison between the rotational speed of turbine at 1/3 of the tank
diameter above the bottom in 30 cm tank diameter (residence time 125

minutes)
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Figure 5.5 Comparison between the rotational speed of turbine at 1/3 of the tank
diameter above the bottom in 30 cm tank diameter (residence time 90
minutes)
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Figure 5.6 Comparison between the rotational speed of turbine at 1/2 of the tank
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Comparison between the rotational speed of turbine at 1/2 of the tank
diameter above the bottom in 30 cm tank diameter (residence time 125

minutes)

96



18.54

18.54

18.52

18.5

18.48

18.46 -

Residence Time (minutes)

18.44

18.42 4

CiCo
8

5.00 4

0.00 -

0.00 9) 50.00 75.00

ﬁl‘W’" a\‘iﬂ‘im ITINGNA Y

Figure 5.8

17658 rppm. — — — 29438 rpm. =====+ 412, IErpm.[

Comparison between the rotational speed of turbine at 1/2 of the tank
diameter above the bottom in 30 cm tank diameter (residence time 30
minutes)

97



18.54

Residence Time (minutes)

C/Co
3
3

0.009) 50.00 lﬂﬂ' 00 150.00

AN I ITINYIAE

176.58 pm. — — — 29438 rpm. - - - = - - 412.18 rpm. |

Figure 5.9 Comparison between the rotational speed of paddle at 1/2 of the tank
diameter above the bottom in 30 cm tank diameter (residence time 90
minutes)
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Figure 5.10 Comparison between the rotational speed of paddle at 1/3 of the tank
diameter above the bottom in 30 cm tank diameter (residence time 30

minutes)
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Figure 5.11 Comparison between the rotational speed of paddle at 1/3 of the tank
diameter above the bottom in 30 cm tank diameter (residence time 90

minutes)
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Figure 5.12 Comparison between the rotational speed of paddle at 1/3 of the tank
diameter above the bottom in 30 cm tank diameter (residence time 125
minutes)
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Figure 5.13 Comparison between the inlet flow rate of turbine at 1/3 of the tank

diameter above the bottom with speed 176.58 rpm. in 30 cm tank
diameter
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Figure 5.14 Comparison between the inlet flow rate of turbine at 1/3 of the tank
diameter above the bottom with speed 294.38 rpm. in 30 cm tank
diameter
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Figure 5.15 Comparison between the inlet flow rate of turbine at 1/3 of the tank
diameter above the bottom with speed 412.18 rpm. in 30 cm tank
diameter
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Figure 5.16 Comparison between the inlet flow rate of turbine at 1/2 of the tank
diameter above the bottom with speed 176.58 rpm. in 30 cm tank
diameter



106

# TAE3
70
60
] 50.84
% 50
s
E 40
= 1
zg 30 ﬁ
2 18.46 —
20
y
10
N
o
11.78 ccfs cc.s 283 ccfs
40.00 - - .
{\ ! | |
35.00 4 | |
LN | |
30.00 * : :
. M !
25.00 1oLk £ .
S : |
" l
i
|
‘—u-.____:
M
250,00
Time (minutes)
| ——283ccls ———393ccfs ----- 6.43 cc/s —-—- 11.78 ccJs |

Figure 5.17 Comparison between the inlet flow rate of paddle at 1/3 of the tank
diameter above the bottom with speed 176.58 rpm. in 30 cm tank
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Figure 5.18 Comparison between the inlet flow rate of turbine at 1/3 of the tank
diameter above the bottom with speed 353.256 rpm. in 25 cm tank

diameter

107



108

28.14

28.15

28.1

218.05

2%

27.95

279 4

Residence Time (minutes)

27.85 4

278 4

27.75 4

27.7 4

C/Co
o
=

0.00 +

ARTAIN T YRTANTIRY =

13 —=— 12|

Figure 5.19 Comparison between the position of turbine above the bottom
at 176.58 rpm. in 30 cm tank diameter (the mean residence
time 55 minutes)
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Figure 520 Comparison between the position of turbine above the bottom
at 176.58 rpm. in 30 cm tank diameter (the mean residence
time 125 minutes)
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Figure 5.21 Comparison between the position of turbine above the bottom
at 294.38 rpm. in 30 cm tank diameter (the mean residence
time 125 minutes)
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Figure 5.22 Comparison between the position of turbine above the bottom
at 176.58 rpm. in 30 cm tank diameter (the mean residence

time 90 minutes)
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Figure 5.23 Comparison between the position of turbine above the bottom

at 176.58 rpm. in 30 cm tank diameter (the mean residence
time 30 minutes)
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Figure 5.26 Comparison between the direction of 45 degree Pitch Impeller at 1/3
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19.68

19.68 -

19.66

19.64 4

19.62

19.6

19.58 4

19.36 4

Residence Time {minutes)

19.54

19.52 4

19.5 4

1948 4

20,00

15.00

C/Co

10.00

5.00 -

Time (minutes)

CW, ——— CCW. |

Figure 5.27 Comparison between the direction of 45 degree Pitch Impeller at 1/3
of the tank diameter above the bottom with speed 412.18 rpm.
in 30 cm tank diameter (the mean residence time 30 minutes)
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Figure 5.29 Comparison between the direction of 45 degree Pitch Impeller at 1/3
of the tank diameter above the bottom with speed 441.57 rpm.
in 20 cm tank diameter (the mean residence time 30 minutes)
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Figure 5.32 Comparison between the size of the tank using turbine at 1/3
above the bottom at 294.38 rpm. (mean residence time 30 minutes)
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Figure 5.38 Comparison between the types of impeller at 1/3 of the tank diameter
above the bottom (294.38 rpm.) in 30 cm tank diameter (the mean
residence time 30 minutes)
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Figure 5.39 Comparison between the types of impeller at 1/3 of the tank diameter
above the bottom (412.18 rpm.) in 30 cm tank diameter (the mean

residence time 30 minutes)



158 4

15.6

15.4 4

Residence Time (minutes)

14.8 -

14.6 -

12

Time (minutes)

[

45 degree pitch — — — Paddle

++++++

Turbine |
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Figure 5.41 Comparison between the types of impeller at 1/3 of the tank diameter
above the bottom (441.57 rpm.) in 20 cm. tank diameter (the mean
residence time 30 minutes)
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Figure 5.44 Comparison between the size impeller at 1/3 of the tank diameter
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