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Ab Stl'a Ct Mass transfer coefficients in agitated solid-liquid systems are often estimated from a Frossling-type correlation which depends on the particle slip velocity. In a stirred suspension, the

slip velocity will be a function of the hydrodynamic conditions prevailing in the vessel as well as particle size, and will vary from point to point. Attempts to measure it or estimate it on the basis of Kolmogorov’s
theory have not been successful. In consequence, for such calculations, it has been customary to take the free terminal settling velocity of a solid particle, as a representative of its mean slip velocity but the
likely error involved has never been quantified, however. Using experimentally based estimates of local slip velocity obtained in a model solid-liquid system of mechanically suspended glass beads in water, we
hereby assess the order of magnitude of the error likely to be incurred when using the particle settling velocity for mass transfer calculations.

The local 3D velocity components of both the solid phase and the liquid phase were measured as a function of spatial position in a stirred vessel, using a technique of Positron Emission Particle Tracking (PEPT).
The Lagrangian data were analysed using a MATLAB code to obtain a complete Eulerian description of the solid-liquid flow including time-averaged estimates of slip velocities of the solid particles.

Three different suspensions were studied under the just-suspended regime: mono-disperse of 3 mm diameter particles, binary-disperse of 1 and 3 mm particles, and poly-disperse consisting of five

different sizes of particles ranging from 1 to 3 mm. Experiments were conducted at four different total solid mass concentrations: 5.2 wt%, 10.6 wt%, 20 wt% and 40 wt%. In the binary and poly-disperse
suspensions the different size fractions were mixed in equal proportions. Agitation was effected by a 6-Blade 45° pitched-turbine operating in either up-pumping or down-pumping mode.
The azimuthally-averaged error between the local mass transfer coefficient based on the true slip velocity and that based on particle settling velocity were plotted as radial and axial profiles. Results showed
that the local mass transfer rate varied considerably throughout the vessel and the use of the settling velocity can lead to extremely large errors in the estimation of the local mass transfer coefficient. The error
of using true slip velocity can reach approximately three times in comparison with considering terminal settling velocity and was highest in the impeller region and near the wall. The largest particles were the
most affected by the degree of poly-dispersity of the suspension, and exhibited their largest mass transfer errors in the suspension with five particle size fractions.

ThEOl'y The Froessling type equation, established by Nienow and Miles (1978), has verified good satisfaction for determining k. it is assigning the influences of particle-fluid system properties in

addition to agitation parameters. It gives Sherwood number from othe dimensionless group: Sh =2 + 0.44Re p/? Sc'/3 -weeeeee-- (1)
Sherwood number: Sh = % -------- (1-a), Reynolds number:Re = %ﬁp --------- (1-b), Schmidt number: . zﬂ ; ----(1-c) The slip velocity term in Re number is the dominant variable to calculate (k).
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One of the well known methods to estimate it is by the approach of terminal velocity.  u; = G gd,Ap/ pl) ------------ (2) (u,=particle terminal velocity) W,
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1. Positron Emission Particle Tracking PEPT Fig. 1 The Birmingham positron camera. placed at a Clearance of C = T/4 10.6 Wt%.
Positron Emission Particle Tracking (PEPT) is a modern and unique method supplying full map of the | fom the bottom of the tank. -20 Wt% and
flow patterns in transparent and opaque systems, which is impossible for other optical techniques. 40 Wit%.
the mixing vessel is centred between the 2 Gamma-ray detectors. Each detector having area of 51 X

38 cm?, these detectors record the coordinates of both of the two y-rays emitted from the radio
activated tracer. They collect up to 105 events per second.

Fig 4 Mixin
PEPT tracking time (resident time) for each experiment taken as 30 minutes for this system of Fig- 3 6 - Pitch Blade Turbine Tank

ixing (glass beads- water suspension)
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ReSllltS The original PEPT data gives the Cartesian coordinate (X, y, z) of the moving tracer as a function of time. These Lagrangian flow data then converted to Eulerian description by Codes
written in MATLAB language. Hence, Eulerian information obtained as an excel csv file which contains the mean velocity components (V,,V V) for each tracer visit, the number of visits of the tracer, and a lot of
. . . . . 2 2 2
important variables have been calculated as well. Therefore the slip velocity can be calculated from (Guida, 2010): V= \/ (Vf9 — Vf9) + (Vf. — V*,"'.) o (Vé — V“Z‘) -------- (3)
PEPT Experiments were managed for mono, binary, and poly disperse suspensions for four different weight fractions of solids corresponding to the minimum speed (N..) of particles suspension as shown in
JS
table (2). To compare the results of the estimations of mass transfer coefficient first time by depending on the slip velocity and second time by using the settling velocity, the ratio between them was plotted in
. : . : : : : : L . . : Ksiip velocit
vertical profiles and radial profiles for all the suspensions used in Up Pumping (UP) and Down Pumping (DP) modes of agitation. Mass transfer coefficient ratio = - e (4)
terminal velocity
For Radial Profiles five special vertical sections (z/H)that expected to be important zones to study of dispersion: z = 0.016H, near to the bottom of the tank; z = 0.08H, approximately halfway between the
lower edge of the agitator and the bottom; z = 0.17H, approximately under the lower edge of the impeller, z = 0.33H, above the upper edge of the impeller, and z = 0.83, in the upper zone of the mixing tank.
While For Vertical Profiles two special radial positions were plotted: r = 0.53R, close to the tip of the impeller; and r = 0.95R, close to the vessel wall.
019 x:;ﬁﬂwt% giDﬁM% i;znm% ;ﬂm% x=52w% Fs;: 10.6 wt% rj::ju W% >I<=I40M% x=52wm% ";x:mem% ‘:x=20wl% chGM% I . £, . x:fhﬁz x=106w% ;{:;m% x:dnrwt“laiuo l =
” { { é { % E( = Yoo ok g | ?t el {CONCIUSIONS
07 : ¢ : r: Particle } (15-1.85) ! i + { +  (poly disperse) . ] ]
oo Y gf g g fos it | % T o § KK e *¢The calculated slip velocity from the three velocity components of
oSy 5 ! > 3 _ {0 ¢ s T o My Ty @ ] ..
% E ?! « H f . | A [ o ] LR Yot g | PEPT-data gives the best prediction (more accurate one than other
03 | g : : 2 | 3 ho | g % et i | . : . . : . :
. g i . ? : 2 : L % SN O & P 3 o methods to estimate the particle relative velocity with fluid during
Sol ! 4 ; 3 E i z | 3 ! ' By f “ s
i r{ 3 < £ : L} 3 1 : §++++ .7 | bt | g mixing process.
a)| . < 5 ¥ K i ; IR IR I X %It is clearly seen that the values of mass transfer coefficient ratios (K
3 ? 4 3 + + 3 5 4 ‘?‘j 1 i (at
N ' | - % . ‘ . 3 9 & 5| M i
ol ¥ , . ; . i : | - K f ? 1 ) stip v/ K (at terminal v)) Would be good guide to the amount of error
06t 4 ) 1 v £ v < ¢ Fi Py R @ c c . . .
ol ¥ b Y ) Py RN 2 BN E A obtained when depending on the terminal settling velocity rather
! ! - + 3% + 5 he? JEE:
04t 1 i s + i F g & PR . 0 q q
kS 5 i & i o MERY | e 2 i A than using the true slip velocity from PEPT. So, the unity for each plot
| i SEEASEE AT R o : : : L.
' :} | 3 } > : 12 c? ARSI S was highlighted by drawing dotted line to realize the deviation of
o ‘ 5 ! : i # 4 7 3 ) IlelH ¥ N g - -
4 SR S SR S SR . S B i N A , NI AR A ALY S mass transfer coefficient ratios around unity.
0 1 2 30 3 1T 2 30 1 2 30 1 2 3 o1 2 30 1t 2 30 1 2 30 1 2 3
Kfat slip v} f K(at terminal v) (-) K(at slip v) / Kiat terminal v) (- Kiat slip ) / K(at terminal ¥) (- at slipy] erminal v) (- 1 1 1v1 1 1
e 0 o Kt Kot it *¢The operation by Up Pumping mode of mixing has shown a little bit
. x=52wi% x=106wk  x=20wt%  x=d0wt% ] x=52wt% x=106w% x=20wt% x:aum‘; — = 52w 0B - j Enu]. ) ! o e e IS o more appI'ECiable errors in ratiOS.
_____ o o R b vt gl e e e | | ISR B DYoo= _ A Wéa,w“:”% “In binary and poly dispersion systems the largest particles (3 mm)
D DN E U R RS o | e R e T T s B e P Bk have been displayed the greater amount of error in comparison with
, e o il i i R A ., i e e M WP, e B . . . . .
] . ! : s e e M s e the smallest particles (1 mm). Even it is not clear in poly disperse like
o 3 w . 3 - ‘..«"“ Syt ot ¢ "v”qoﬂl i E o -
e S T MR I ———— b et et Tt o4 e et ] 22 & * ¢ ¢ ‘“.' z ?;--5---'-66"+M+t TS ++'*+ 3 © potsos s “;'*‘ 2 . . . . .
) i : % ‘) S SN N ) 3 é $ ai:&w-o 4 AT:&., 2 f‘:j':h . +m{,¢,ﬁ. : in blnary due to the variant sizes OfparthleS,
o i = S e e N e e i i e it Kt R Kot ATNTTN """"\ i E R e £ X i " k “#Can be concluded from the last point that the size of the particles has
Ib) | IO OO BR.Sx.Y) I B LI o o v e L™ ""‘\,‘”"'\.%”""".., 5*";’%& 5] 1 ol i | a dynamic role through dispersion process may be more considered
oo e ¢onn b o obnj,:,p“:,, ID‘IER”N 8t e %oz o4 05 o8 0 02 04 Nnj.jmog:m In.zmnd 05 08 0 02 04 06 08 1 ! o ’ Y bt ) ! o ! than the Concentration Of partiCleS.
asnex acmews xwe xohow xTSZw  xsiEw%  x2wk x-dow S , GUGME AWK xsiw **The fourth column of plots on the right side demonstrates the
- 7 Z oy | T - . : : :
0o 4 ‘ - b 5 ; £ (di (AN behaviour of the same size particles (3 mm) when used in mono,
08 ; > "? Iiﬂ | (2.85-3.3) 08 0% L § o° L[ @ (monodisperse) ) i ] i }
o7} < - Paric v gwg 3 ;Y § e R binary and poly dispersion systems. Can be clearly noticed that in
06t F ! ! % | b f;;sl 0 f b %8¢ ] 2 0 2 n_q
| 3 1\ i i ; (122 & 3;; %f « poly dispersion the calculated ratio of mass transfer coefficient has
oaf 1 K, i « L+; © s & Yo'+ g o ] s . ) - .
. % o ; 5 g ) ; 5” R R AT E exhibited the significant values of error while for the mono and binary
i e, £ 4 ' g = t SIRACOTEE T ]
3y )> Y !;} Ji z A " 0y F Wiy f disperse the values were fluctuated to be more and less between both
501 ; vl : % h £ E é A é§°++ e
a| it =enn el F 1 Frg A E TR of them.
Eus ) | ;'; {: 3 g i i 2 Ej i B !'203 ’1} }:E} E:'E;
06 ;’*i f i Tc_‘ 2& % oer % # 6%;; ';} 0}:} % R f
ihs ¢ A ML WPt L eferences
04 .‘! | j 11_' 04r ‘ ‘9_} 1 "'} ‘ 9+:
03 ‘“*Iw} { LS 3://} 03 ii _ } o?ﬁ 3 § RO d %eé R * Atiemo-Obeng, VA, Penny, W. R. and Armenante, P. (2004), Solid-Liquid Mixing, in: Paul, E.L.,
N ! ! gt N B ft i oY 7 Atiemo-Obeng, V.A. and Kresta, S.M. (Eds), Handbook of industrial mixing: Science and practice,
: , f 8 g p
01 f 17 # ‘:f:’\\‘ 0.1 £ '.++ L +++ ', } . :
) - N SR i ] i i wl L el L N N L i} 0 ? Sk a‘: b Wiley-Interscience: Hoboken, NJ.
’ ] : e 1 K[alzshpv]fKignerm:na\-,-J(Z-J e 1 ‘ 3 K(at slipv) / K(at terminal v) (-) U 1 i e 1 1Kfat slio vi / Kiat terminal v} (-} b bl i ¢ Chltl F'I Bakalis S') BujalSki Vv'l Barigou M') EagleSham A' and NienOW A' Vv' (2011)' USing
e e . o ) o . e . e e o | | 10), PEPT measurements of solid-liquid flow field Positron Emission Particle Tracking (PEPT) To Study The Turbulent Flow In A Baffled Vessel
i e A S T ——— ~ i [ o cedm e cue : : Agitated By A Rushton Turbine: improving Data Treatment AndValidation, Chem. Eng. Res. Des.
DU RSN I SRR S XUV SUSE S (RO NDtoorsivongy S Mbhedc: ot It e ttl 554 ! T 8 (9), 1947-1960.
Sl e - ' i IR BRI o s IR ! * ticle N $osietesy . . .. . . . C 1o e
[ o : A | - L e A T A s Ui RN PO * Guida, A. (2010), Positron emission particle tracking applied to solid-liquid mixing in
T D ¥ 0 amsnurn [ B Bt “"?::3.. SR S TORP EAEEIET. i ( $ils LI - i I mechanically agitated vessels, Ph.D. Thesis, University of Birmingham.
Id) : ! o ‘ l: 3 : . " | I R s R W, :"**”*Wg : (R ! Co * Harnby, N., Edwards, M. F. and Nienow, A. W. (1992), Mixing in the process industries, 2nd
e atoe W M=o ca I Wb P | W starth B ” ; S e i W N e N R et S e e P 02X ; S R S nodel i s onseieiting L o 0920t " 2. edition, Butterworth-Heinmann.
§ | o P v e | et | oo, | | e F r“f*mg ns ur = . pesniing Rbosseinse- ¢ Liu, L. and Barigou, M. (2013), Numerical modelling of velocity field and phase ditribution in
[ — i i i i AT misss ey LI ~"'~. ' o ﬂ i “ Se:-)rgc g‘ - ;‘*’”"‘M"W o : dense mono disperse solid-liquid suspensions under different regimes of agitation: CFD and
: - B s | | e TN ° Y '"‘q\\‘ N '%’"‘g P ..n%*aﬁ AL PEPT experiments, Chem Eng Sci, 101, 837-850.
S .. I R B L o e e R e e S BT R R K LR *  Zwietering, T.N. (1958), Suspending of solid particles in liquid by agitators, Chem Eng Sci, 8(3-
- 4), 244-253.
a)and b)representing Radial and Axial profiles of mass transfer coefficient for mono, binary, poly disperse and combination of them for (3 mm) respectively, in Down Pumping Mode.
c)and d)representing Radial and Axial profiles of mass transfer coefficient for mono, binary, poly disperse and combination of them for (3 mm) respectively, in Up Pumping Mode.




