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CHAPTER 3

EXPERIMENTAL

3.1 Apparatus

Agitated vessels are used as the experimental apparatus. Figure 2

and Table 2 show the dimensions he agitated vessels used. In order

to know the geometrical e s of different diameters

(15 and 20 cm.¢) are us ¢ e equipped with four

symmetrically locate The impellers used are

standard 6-blade tu -blade pitch fan turbine,

marine propeller and p ' h' diameter: 0.33T , see Figure 3.
3.2 Materials

Tap water is cho exp Y atal liquid. o -napthol is

i, | ‘ '
selected as the experimentﬁﬁiwff“ se of its low solubility,

high purity and érvbi

=
LY. ]
To produce solid i ‘.aracteristics.

o -napthol is pellé-éd into modify ballishapéamin a single-punch

tabletting mﬂxﬁé?}ﬂﬁﬂ%ﬂﬂiﬁs are used in the

pelleting operdtion. A set of punch d which produced

| uni fomq mﬁg&ﬂfi fﬁzw‘gjﬂy thai” ﬂnapthol

pellets Are used in determining the density and mass transfer

coefficient
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Figure 2 ¢ @Apparatus for agitated-vessel. study -
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Figure 3 Types of Agitators

6-Blade Fan Turbine
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Types of agitator Disk Turbine Marine Propelier Paddle
Impeller diametér(cm) 5;6.67 5 5
Impeller height from
the tank bottom(cm) Hyghs B = 3
Impeller blade width(em) | 1,1.33 1 1
Impeller blade length(cm)| 1.25,1.67 125 125
Number of blades 6 3 2
Angle of blade 90° 45° 90°
Tank diameter (cm) 15,20 ﬁi q 15 15
L '
Liquid height(cm) 15,20 9 15 . 15 15
Number of baffles QW’] aqr]‘jm uwr]’g VI?J’-]' 4 4
b |
Flow Pattern Radial £low Radial. flow Axial flow Axial flow Radial flow
& + v
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3.2.1 Determination of Mass Transfer Coefficient

The determination of mass transfer coefficient concerns

the measuring of concentrations before and after diffusion.

The mass transfer coefficients are determined from the
knowledge of material balance of the solid mass exchanged during

the experiment. The transfe fficients are calculated from the-

relation :

he initial and final

‘ | ‘\;

f solid particle

where m

weights of o-napt hich dissolved into

the solution.

L — S e~ e ———
M-——ﬂ NEe _ums I,n--h—-r:-——-—-‘w

\"5 \‘ v
= e hlue of initial

and final diameter of particle

AUt INENINgINg
qumn‘iﬁumfmmaﬂ
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3.3 Experimental Procedure

Following is an outline of the procedure followed for each run.
Fill the vessel with a volume of water so that the depth of water
is equal to the vessel diameter. Measure the liquid temperature

and adjust the impeller speed to proper setting. A weighed amount

of solid is introduced, and the stop watch is started simultaneously.

After ten minutes, the solid par! ssiare collected and dried in
inutes o g ‘pellets are then placed ]
= ' S
in a dessicator left at . tu@' two hours the pellets
g » ddssicator gain for two hours and

‘reweighed. This proc 3 \ 1.a constant weight is obtained.

The range of rotatio udied axe| 250 te 500 rpm.

In order to find t Fec -v‘j - jperature the rotation speed
is kept constant at 3 mperatures studied are

15 to 40°C .

Diffusivity and satura - ed nc alues are obtained from

e )
results of Suvachi can Ae on a Satorius auto-

ll‘

matic balance having on accuracy of

annse ?JWT‘J“VIEI‘TE‘EF“““

be expreébied by five independent variables as

K .= f(dp, Hy Py DV’ w )

where DV’ the diffusion coefficient of a solid in liquid.



23

w is the rotation speed of the agitator

In agitéted'soli.d—liquid systems, the appropriate equation is

kdp f(d Twp , U )

D T pD

or

Sh =

where

refers to solid particle

(AT

= = ‘
‘5’ Re = d Twp

3.5 Yaflusvenr LD
: pu

A &
L>F b g

Under isother v‘- i _ liquid-solid
b | e

system, u,pand D e constant. So the value~of Reynolds number

depends on t ru Fluctuations
no greather Zﬂv to rpm.ﬁom any semnjr occured. The
variatﬂmeaﬁﬂlj ﬁ t:ed in

‘ g1§Zted on logar?I Z@ ‘

¢ Tables 3fjto 8 and they are es, see

figures 4 to 8
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TABLE 3
Vessel. diameter = 15 cm.
Particle diémeter 5 dp = 0.5852 cm.
Schmidt number ,  Sc = 919.1167
STANDARD 6-E
&+

Re x 10 éhp(3)

.6319 #2.08 \ 08 548.24
.1583 b2 2 \ 18 640.64
\ | 794 .64
967.12
1,096.48

1,410.64

AUEINENTNYIN
RIAENTAUNMINGAE
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TABLE 4

Vessel diameter =15 cm.

Particle diameter , dp 0.5852 cm.
Schmidt number ,  Sc = 919.1167

6-BLADE FAN

Re x 10 bt .t sh. (3)

2.63LY 3472 \ 492.80

3.1 659.12

3. 794.64

4.21 887.04

4.7374 |1,010.24
o =

5.2638 SRS ' 1,145.75

AULINENINYINg
ARIANTUIMINIAE



TABLE 5

Vessel diameter 15 cm.

Particle diameter,~dp 0.5852 cm.
Schmidt number , Sc =919 .1167

PADDLE

Shp(3)

2.6319

3. 1583

AULINENINYINT

351.12

523.60

628.32

715.52

842.92

893.20

AN TUAMINAE
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TABLE 6

Vessel diameter = 15 cm.
Particle diameter,_dp = 0.5852 cm.

Schmidt number, Sc = 919.1167

4~BLADES-PITCH EAN fURBINE WITH 45°

Shp(3)

535.92 .
628.32
720.72
893.20
917.84

1,028.72

ﬂ‘IJEI’J’VIH'VIﬁWEI’]ﬂ’i
Qﬁﬂﬁﬂﬂ‘iﬁuuﬁﬂﬂmaﬂ



TABLE 7

Vessel diameter

Schmidt number, Sc

3 |

MARINE PROPE

/_

15 cmq -
Particle diameter, dp = 0,5852 cm.
919.1167

Re x . |

2.6319 PE .
8.154

3.6846

4.211

‘4.7374" .24
T

5.2638 899.36
~ Y

Sh
p

505.12

591.36

659.12

776.16

862.40

899.36

 Audineninens
ARIANINNNININY
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' TABLE 8

‘Vessel diameter , T = 20 cm
Particle diameter , dp= 0.6252 cm

Schmidt aumber , Se= 919.1167

STANDARD 6-BLADES TURB!

AULINENINEINS
ARIAATAUNM TN

rev. | Re x 1ovm—t @ — Sh

(rpm) . — . P

250 | 3.7491 658.1053
300 | 4.4989 835.7937
350 | 5.248 W 1,072.7116
400 | 5.998 1,210.9137
450 | 6.7483" 1,382.0210
500 | 7.4981 1,618.9389
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A Figure 4 Plot of Shp as a function of Rgp
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Figure 5  Plotof Shp- as a function of Re
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~ Figure 6 Plot of Shp as a Function of Rep
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Figure 7 Plot of Shy asa function of Rep
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~ Figure 8 Plot of ShP as a function of Re
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3.6 Influence of Schmidt number , Sc = o
: pDV

To determine the influeqt:e of the Schmidt number on‘mass transfer
the temperaturés are varied while the rotation speed is kept constant.
Since kinematié viscosity appears in both the Reynolds number and the
Schmidt number, when the Schmidt number is high the Reynolds number

tends to below and vice versa. Tables 9 to 14 show the results obtained

for a range of Schmidt numbe eynolds number constant and are

represented on figures'

37

Influence ofwifpeclde

It is seen from id circulation pattern

in the vessel change - mass transfer also

changes in the same fer coefficient decreases.

A transition reagion i pellers which coincides

(12)

with part of the transigion ¥egic € er investigator In this
FIad

region the flow is fully t N = 350 to 500 rpm.

3.8 Influenth-oiVesselSise— =
LY/ ')

 Table 2 shov;s'mr\e correlation for geomemically similar agitator
vessels (dia ﬁ gﬁ ix blade turbine and
having four @Es of ﬂ ﬂn Hﬁﬁ tion show almost
the sﬂ WuT:a ﬂﬁ ﬁﬁw é" nsfer coeffi-
p 1P NN

cient af the same Reyno
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Vessel diameter ,

Particle diameter,

Reynolds number, Rep

STANDARD 6-BLADES

Sc
i+
40| 572.523
35| 719.889
30 | 858. 8409
25| 989.73%1
20 |1,350.7053
15 |1,570.8110

- L

TABLE 9

36

= 15 cm
= 0.5852 cm
= 3.6846 x 10°
h - Sh
P . p
A3
75%,3333
L0446 | 810.3606
ths .887 841.8873
hl.r.l
866.2500
¥
52 980.4685 | 978.9863
o o
032.2278 |1,048.4833
T, -

ﬂ‘UEI’JVIEWI'ﬁWEI’]ﬂ‘ﬁ
ammnmumawmaﬂ



,Vessel diameter , T

. Particle diameter ,‘dp=

‘YReynolds number , Rep

. 6~BLADES FAN TUR

.- Sc
.
40 572
a3 719
30 858,
25 989.7
20 |1,350.708
13 . 11,570,811

TABLE 10
= 15 cm
0.5852 em
= 3.6846 x 10"
Shp
660.0000
685.2713
> 706.4789
712.2500
: 4 796.3396
-: 5.2889 | 837.1611
LA

AULINENINYINS
ARIANTUAMINYAE
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TABLE11

Vessel diametef o T .= 15 en :
Particle diameter , dp= 0.5852 cm
Reynolds number , Rep = 3.6846 x 104
PADDLE

4

Shp
i
40 5712,% 630.6667
35 719.889 679.8377
30 858. 700.5915
25 989.7321 f - "’!"’; | 725.0833 | 731.5000
20 1,350.7098 752.5042
r
e , 15 1,570.8110" 780.2667
I}

] ——0
AUEINENINGINS
RINNTUNAIINYAY
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TABLE12

'Vessel diameter , T = 15 cm
Particle diameter , dp= 0.5852 cm

Reynolds number , Rep = 3.6846 x 104

4-BLADES PITCH FAN

oé Sc Shp
40 573 767.5556
35 719.8 783.1673
30 858. 8409 887-» | 800.6760% | 800.6760
25 98§.7 3 821.3333
20  |1,350.70§ 840.1747
»15 1,570.8110, 869.6788

 AuEInEnineng
RN IUNRINYIAL
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TABLE 13

Vessel diameter , T = 15 cm

Particle diameter , dp= 0.5852 cm

Re;nolds number , Rep = 3.6846 x 104

MARINE PROPELLER

oé Sc Shp

40 | 572.5 644.2302

35 719. 88954 474 30401 4 ' 668, 955 674.3940
.30 sss,u; 706.4789

25 989. 73 712.2500

20 |1,350.70 759.8102

15 1,570.8110‘ #92.7222

AuEINENINEINg
AWANIUARINGINY
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TABLE 14

Vessel diameter, T =

20 cm

Particle diameter, db= 0.6252 cm

2

Reynolds number Rep =

STANDARD 6-BLADES TURIE

t Sc Sh
(oo _ 3 35
40 572. 5999 ;// /A 1,034.1654
35 719.8895 650 1,150.4609
30 858. | 1,239.0784
25 | 989.7 1,343.6315
20 |1,350.70% 1,522.0225
15 1,570.8110f 1,684.5667

\Z

5.2486 x 10

AU Ingninens

ARANTUNMINGINY
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Figure9 ~ Plot of ShP

as a f_undion of Sc



Figure 10 Plot of ShPas a function of Sc
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Figure 12 ~ Plot of Shpas a function of Sc
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g 6-blade §
a 4-blade fan turbine:
A Marine ¢ FroBie
’ . o , ”\ \4
Y]

0 Standard 6-bladé turb ‘
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Figure 14 Influence of impeller types
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