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ABSTRACT

Mass transfer data were obtained in circular conduit usmglectrochemical technique with a
potassium ferri-ferro cyanide couple. In circular condoigally placed entry region perforated disc
was used as turbulence promoter. The study comprised ofa¢ieal of mass transfer rates at the outer
wall of the electrochemical cell. Mass transfer cioefhts were evaluated from the measured limiting
currents. The study covered a wide range of geometnanpters such as diameter of the disc
(dg),thickness of the disc{d and distance of the disc from the entrance of theeetiba (h). The results
revealed that the mass transfer coefficient increasédincrease in velocity, diameter of the disg)(d
thickness of the disc{d and decreased with increase in distance of the dist tihe entrance of the test
section(h). Within the range of variables covered, the antatien achieved in mass transfer
coefficients were up to 2.1 fold over the tube flow ineatz® of promoter. The entire mass transfer data
were correlated with Colburr, Jactor andReynolds number. The following correlation was reported out
of the study.

J = 0.155(Ref ()" ) ) **""{Sc)

Where@,=d4/d, @=d/d, @:=h/d are dimensionless groups. d is diameter of tesbgecti
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INTRODUCTION

Researcher will always aim at the maximum outpitlh weduced equipment size so as to
minimize the unit product cost. This is particularly true¢hie design of electrolytic cells where the mass
transfer limiting conditions exist. Use of turbulence promdgeone such technique that increases the
mass transfer coefficients by several folds over theatimflow. This disturbance continues to its effect
on either side of disc and continues to a longer disteutiéeh in turn influences the wall mass transfer
coefficient over the length of the tube. The study was cdeduo know the effectiveness of perforated
disc in augmenting mass transfer coefficient. Burns artbidifl] determined liquid solid mass transfer
performance on a 30cm diameter spinning disc reactor by uke bfiting current technique. Ravi et al
[2] conducted experiments and obtained mass transfer déte oralls of fluidized beds using an electro
chemical technique with a potassium ferro-ferri cyamiokgple. The disc promoter assembly was used as

an internal in fluidized beds. Sherwood and Stone [3] oeted the flow of a viscous fluid around disc
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in a pipe and the added mass of the accelerating disc angritdiles were also presented. Padesta et al
[4] obtained a dimensionless correlation for an ionic messster at horizontal disc electrode under
longitudinal vibration. Escudie et al [5] carried out experits in water fluidized binary mixtures of
Teflon spheres, discs and rods. Venkateswarlu et al (ifjest the effect of string of discs placed co-
axially in a circular conduit on mass and momentum tranBfeta on mass and momentum transfer in a
circular conduit with coaxially placed perforated disc abulent promoter has been taken up since the
data on the present system has not been reported inuliterBased on the data a semi theoretical model

has been developed.

Parameters covered in the present study are shown below Table 1

Table 1

Variable Minimum Maximum Max/Min
Diameter of the disg
(dg), m 0.025 0.045 18
Disc thickness, @ m 0.005 0.06 12
Distance of the disc
from the entrance
of the test section, (h),m 0.14 0.3 2.14
Velocity, V, m/s 0.0984 0.3936 4
Reynolds number, Re 5264 21059 4
Schmidt number 891 990 1.1111

EXPERIMENTAL SET UP AND PROCEDURE

Schematic diagram of experimental set up is showngurd 1. It is similar in layout to that

used in earlier studies [7,8,9,10]. It essentially coedisf a storage tank (TS), centrifugal pump (P),
rotameter (R), entrance calming section (E1), test@el) and exit calming section (E2). The storage
tank is cylindrical copper vessel of 100 liter capacitghwa drain pipe and a gate valve (V1) for
periodical cleaning. A copper coil (H) with perforatiossprovided to bubble nitrogen through the
electrolyte. The tank is connected to the pump witt02%n diameter copper pipe on the suction line of
the centrifugal pump. The suction line is also provided witate valve (V2). The discharge line from
the pump splits into two. One served as a bypass lineanttblled by valve (V3). The other connects
the pump to the entrance calming section (E1) through rotam€ker rotameter is connected to a valve
(V4) for adjusting the flow at the desired value. Themeter has a range of 0 to 166Xb¥/s. The
entrance calming section consisted of 0.05 m ID circuwdaper pipe with a flange and is closed at the
bottom with a gland nut (G). The up-stream side of thearoé calming section is filled with capillary
tubes to damp the flow fluctuations and to facilitate stefmly of the electrolyte through the test
section. It is made of a graduated Perspex tube offDi&6gth with point electrodes fixed flush with the



D.S.Seetharama Raju, M.Gangadhar, V. Nageswara Ra&N. Chitti Babu 12

inner surface of the tube. The point electrodes are madef @utopper rod and machined to the size.
They are fixed flush with the inner surface of the testise at equal spacing of 0.01m. Exit calming
section is also of the same diameter copper tube of Odhgy and it is provided with a flange on the
upstream side for assembling the test section. Iglas nuts (G) at the top and bottom ends to hold the
central tube. Two thermo wells (t1, t2) were provided, ah@pstream side of the entrance calming
section and the other at the down stream side of exit calragigps for measurement of temperature of
the electrolyte. Perforated disc serving as turbulencaqier is made of Nylon of various sizes with a
provision to fix it rigidly within the test section. The pandted disc has four round holes of each 2mm
diameter. The Perforated disc is placed concentigalihe test section. The promoters used are shown
in photograph in figure 2. The details of perforated disempter are shown in figure3. The limiting
current measuring equipment consisted of multimetéMatfivane make which has 0.01mA accuracy
and vacuum tube voltmeter is used for potential measursniBm other equipments used in circuit are
rheostat, key, commutator, selector switch, and a leigdbattery as the power source. The commutator
facilitated the measurement of limiting currents for otimta and reduction process under identical
operating conditions by the change of polarity while the selestiich facilitated the measurements of
limiting currents at any desired electrode. The cirdidigram used for the measurement of limiting

currents is shown in the figure4.
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Figure 1. Schematic Diagram of Experimental Setup
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Brg 2: Turbulence Promoters

dg

Figure 3: Details of Promoter

d; -Diameter of Perforated Disc

d - Thickness of Perforated Disc
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Figure 4: Circuit Diagram

Data on limiting currents for the case of ntidn of ferricyanide ion is obtained for fluid flow in
circular conduits in the presence of perforated disogert promoter. The following electrode reaction is

involved.
Cathodic reduction of ferricyanide ion:

RO e — [Fe(CNy™ L 1)

Initially blank runs are conducted with indifferent etetjte (sodium hydroxide solution) alone
to ensure that the limiting currents obtained in the subsgeques are due to diffusion of reacting ions
(Ferri cyanide ion) only. The electrolyte was pumped desired flow rate (through the test section) by
operating the control and by-pass valves. After stetalg & attained, potentials are applied across the
test electrode and wall electrode in small incrementsobénpials (100mV) and the corresponding
currents were measured for each increment. In vieweofatiye area of the counter electrode in relation
to the test electrode nearly constant potential is maedaat the test electrode. Since the potential
values are not of criteria in the present study, theatiign currents were determined from the
measurements of applied potentials and currents as has beeim deweral earlier works [7, 8, 9,10 ].
The attainment of limiting current is indicated by ttenstancy of current with a large increase in the
potential. Mass transfer coefficients are computenh filoee measured limiting currents by the following

equation:

kL = |L/nFACO ...... (2)



15 Mass Transfer in Circular Tube Using Perforated Dis as Turbulence Promoter

RESULTS AND DISCUSSIONS

Perforated disc is taken as turbulence promoter in theeprestudy. The disc is having four
round holes in the four quarters. Each perforation israfi2 The disc is made up of Nylon. From the
literature, presence of turbulence promoter enhances trensfer rates. Transfer rates are found to
vary along the test section and depend upon the region in whidls ibégause of localized nature of
turbulence. The transfer rates are computed for eaci @leictrode as they are placed all along the test

section.

Table 2 indicates the exponent on velocity of the presety stgether with the other works.
The exponent on velocity is comparable to that in thdiegtuon mass transfer with different

turbulence generating systems.

Table 2
Author Promoter System Exponent || Range of Re
on velocity
Klaczack [15] Spiral coil Mass transfe 0.52 1700-200p0
Sujatha [1€ Tapes mounted onar | Mass transfe 0.4¢ 134¢€-3060¢
Venkateswarlu [¢ String of disc Mass transfe 0.49¢ 330(-1865(
Sitaraman [1Z String of sphere Mass transfe 0.55¢ 10C-3400¢(
Sarveswara Rao [13] String of cones Mass trangfer 0.431 -2@200
Changal Raju [14] Wires wound on a roq Mass transjer 0.49% 500-20000
Nageswara Rao [17] Tape-disc assembly Mass trangfer 0.485 00-12B®00
Teja Latha et al [18] Square grooved Mass transfer 0.205 1933-1933)
serrated disc

Present study Perforated disc Mass transner 0.488 528921

EFFECT OF GEOMETRIC PARAMETERS
Effect of disc diameter

k versus velocity of electrolyte (V) is drawn for differgretrforated disc diameters and is shown
in figure 5.Various disc diameters used in the present stelyd=0.025m, 0.030m, 0.035m, 0.040m,
0.045m.Mass transfer coefficient increases with incréasdisc diameter. The augmentation in mass
transfer coefficient is 1.23 times over the smooth t[idg for disc diameter 0.025m at a velocity of
0.3936m/s while the augmentation is 1.79 times ovesiiheoth tube [11] for the disc diameter 0.045m
at the same velocity 0.3936m/s. Figure 6 is drawn fortass transfer coefficient versus disc diameter
at the velocity of 0.3936m/s. Mass transfer coefficianteases with disc diameter with an exponent on
dg of 0.641. This observation is consistent with the othes. $égure 7 is drawn for St / Sto against
Reynolds number (Re) to show the effect of disc diam@ieaugmentation. Mass transfer increases as

the disc diameter increases.
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Effect of disc thickness

In figure8, mass transfer coefficient s drawn against velocity of electrolyte to study theff
of disc thickness on mass transfer by keeping all the pirameters constant. The thickness of the disc
used in the present study are@005m, 0.020m, 0.040m, 0.060m. Mass transfer coefficieradees

from 1.79 times to 5.95 times as the thickness of the dis®ases from 0.005m to 0.060m at the
velocity of 0.3936 m/s over Lin et al[11].

Figure 9 shows variation of mass transfer coefficigntyith thickness of the disc{dfor the set
ds=0.045m, h=0.22m and at the velocity 0.3936m/s. Mass trang#fictentincreases with increase in
disc thickness and the exponent ois@.46.

Figure 10 is drawn as St/ Sto against Reynolds number tp titeicéffect of disc thickness(d
on mass transfer. Augmentation in mass transfer is foufall rapidly as Reynolds number increases.

It is observed that the thickness of the dise @.060m is better in augmenting mass transfer when
compared to 0.005m.
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Figure10: variation of stist,with Reynolds number
-Effect of perforated disc thickness

Effect of spacing inside the test section

As the distance of the perforated disc from the entrafidbe test section varied, extent of
turbulence also varied because of change in circulatingripattel it is extended to both perforated disc
region and downstream region to disc region. Mass transfeiiaieeff(l ) versus velocity for different
distances of the disc(h) from the entrance of the tesbeeate plotted and is shown in figurell. Mass
transfer coefficients are decreased from 2.09 taifn&s over Lin et al[11] for the smooth tube, while

the distance of the disc from the entrance of the teibseincreases from 0.14 m to 0.30m

Figure 12 is a cross plot of figurell which is drawn fimess transfer coefficient against
distance (h) of the perforated disc from the entrance diiiesection for the se§=D.045m, ¢=0.005m,
and at a velocity of 0.3936m/s. Mass transfer decreastgealistance of the disc from the entrance of

the test section increases and the exponent on distance is -0.426

Figure 13 shows the variation of St/ Sto with Reynaldber with different values of “h” by

keeping all the other geometric parameters constant. Frerigure it is observed that the lower the ‘h’,
the higher is the mass transfer.
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DEVELOPMENT OF CORRELATIONS

The data on mass transfer with single perforated diswirhsilence promoter could well be

calculated in the lines done in earlier studies [17}&ation of data using Colburn, Jactor with

Reynolds number have yielded the following equations.

Perforated disc region:

Jp = 83.21x (Ref%34

Average deviation = 44.35,

Standard deviation = 68.98

By incorporating dimensionless geometrical groups, @¢ewing correlations are yielded

Perforated disc region:

JD:O.155(Rej)'9432((p1)0'641(([)2)0'4658(%)_0'3775(SC)1'1521

Average deviation = 3.53

Standard deviation = 5.25

Where@=d4/d, @:=d/d, @:=h/d, S which are dimensionless groups
Sc is Schmidt number

Correlation plots for equation (4) is presented in theré 14.

. (3).
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Figure 14: Correlation plot for equation (4)

Comparison of correlations

For a selected set of geometric parameters correltgtatar in mass transfer gyagainst Re is
plotted, compared with the data of Teja Latha [18] @ashin figure 15.

Y 3 — g/ (dd/d)0.641(d1/d)0.4658(h/d)-0.37750(sc)1.1521 ................ (5)

Mazs Transter Correlation Factor(‘r’})
=
b

L= Data ofTeja Latha

[} Data of Present study

102 10+
Fe

Figure 15: Variation of CFR with Re —Comparison plot
CONCLUSIONS

Mass transfer coefficients are increasing with increaselocity. Mass transfer coefficients are
increasing with increase in disc diametey)(thickness of the disc §dand decreases as distance of the

disc (h) from the entrance of the test section incredsdke present study, it is found that disc diameter
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(dg) of 0.045m, disc thickness=0.005, distance of the sic fromninaree of the test section (h) =0.14m,

offered maximum augmentation. A maximum augmentation of ®!s is observed over smooth tube

flow. Correlations developed based on semi theoretical coasides. Wall similarity concept is applied

for the present case.

Correlations developed for mass transfer:

Perforated disc region:

57:0 155(Re—j).9432((pl)0.641((p2)0.4658(%)-0.3775(80)1.1521

Dimensionless Groups

JD =
Re =

Re' =

R (h)
St =
St, =

Sc =

Nomenclature
Co =
d =
D. =

dd =

Mass Transfer Factor (X/).Sc?”

Reynolds number = g¥{1
Roughness Reynolds number /(d).RevY(f/2)
Roughness momentum transfer function = 2.5Iny (2l)d+ V(2/f) +3.75
Stanton number 3 &N

Stanton number for conduit without imdés

Schmidt number/pD,

Sherwood number /D

dimensionless velocity, ‘ulu

dimensionless radial distanaamfrthe wall, y Uv

Concentration of Ferry cyanide, kmal/m

Diameter of test section, m

Diffusivity of reacting ion, rfisec

Disc diameter, m

Energy consumed using perfordisdin the conduit, N/
Energy consumed for empty condin®N

Friction factorAp d g./2LV? p

Pressure difference, Ri/m

Faraday's constant = 96,500 coulombs/g-mol

Acceleration due to gravity, m/Sec
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Oc = Gravitational constant.

i = Limiting current, amp

k. = Mass Transfer coefficient, m/s

Ko = Mass transfer coefficient of thepgntonduit, m/s
L = Length of Test section, m

n = Number of electrons transferred

Q = Volumetric flow rate, rils

dy = diameter of the disc, m

d = thickness of the disc, m

h = location of the disc from the emteof the test section, m
u = Local velocity, m/s

u = Friction velocity (., g /p) , m/s

\% = Average velocity, m/s

y = Radial distance from the wall, m

Y 3 - g/ (dd/d)0.64](dt/d)0.4658(h/d)-0.37750(SC)1.1521
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