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ABSTRACT

The more widely used teclýniques for the measurement o,f transverse dispergion are tbe continuous

point source and the instantaneous finite source methods, whicb rely on the injecýion of a tr8cer in
tbe flowing Iiquid, foUowed by tracer detectÝon at several points. downstream of the injeçtion poiný.

Our group (see') developed ~ new experirnenW teclýnique, based on the rpeasurement of the rate of
dis8olution of planar or cylindrical surfaces, hUtled jn tbe bed of inert parýicles and aligned with the
flow direction. This altemative technique is simp1e to use, a1lows ýhe detennination of the
coefficient of transverse dlspersioo (Dr) in packed beds over a wide ratýge of flow rates. and it iS
easily adaptable to working over a range of remperatures above ambient~ as shown iD our pRper2, '.Thi5 is a considerable advAntage, given the extreme l!ck of data on ' the effect of the Schm1dt

number oýý the disper9Ýon coefficieDt~ indeed, tbe vast m~ority of datEl avaUýble at presenc have
been obtained in experiments with either water or alr , at ambient temperature.

it is important to bear in mind U'ý8tt to the authors' knowledge. no previous publjshed reports are
available of measurements of DT for 2 < Sc < 540, and we have obýa~ned more than tWlce the
number of ex.perimcntal values of the coefficieat of transverse dispersion ttýan exist published.

The experiments were peýformed a.t each of eleven temperatW'es. ÝIý 5tepS of S K iIL the range 293 K
tO 308 K aod in steps of 10 K ÝD the ýange 313 K to 373 K, and va!ue$ of DT wer~ measured at
thirteen different flow ra~ for each temperature. Having worked with five batches of si1ica sand,
with aver~ge particle sizes ofO.219 mm to 0.496 mm, wc obtained over four hundred vAlues ofDT
for a wide rauge of Reynolds Dumber (Re = Udp '.U) between 0.01 aDd 3.5. Repetition of several

runs showed that the values of Dr obtained were reprodýýcible to within .t;S %.

We brlefly describe tbe theoretical approach of Coelho and Guedes de Ca.ývalhol (1988), who
considered the problem of ma5S transfer from a flat surface. A fin~ re8\!lt for thc average mass
transfer caeffici~nt. baaed OD the slab surfBce area, is then
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Auýhor to whom cQrrespondence sbould be add[eisC4:!.



where e js tbe uniforýn bed voidaýe. L is tbe 1ength of ýhe soJuble s)ab and u is the interstitiaJ

velocity. Experiweflts performed by Coelho and Guede~ de Cwva1hoJ (1988) with a wide range of
sJab lcngths. both with benzoic acid in water and with oaphthalene !n air. conflrm the seneral
validity of the above [heory, provided that the approximate criterion

!:. ~ 0 .6 2 ( .!!!!..

d Dm (2)

is ()bserved. where d i8 the size of the inert particles making up the bed end Dm is the molecu1ar
diffusiofJ coefficieot.

in terms of coastruction of equipment, it is normally euier to perform packed bed experimentô

inside cyliadrical tubts, rather thM in prismatic columns. Figure 1 sketc~es the teþt coluUU\ used in
our experiments. where the dissoJving cylinder is ti8htly assembjed between two rods of stainless
steel and the set is blJ:1:'t:d in the packed bed, a1oog its axis.

Fjgure 1 -Diai1"am of experimental set up.

Several bundred data points were obtained with the above rig and before attempting a more generaJ
correlar,ion of the data it may be interesting to consider the separate influence of tbe various
parametcrs OQ tbe va1ue of Dr, and to this end it Js .important to k.now how the value of the relevaný
physical properties d~pends on the operatiQS temperature.

One tlý"st aspect to be considered. as a check on the experimental method, is the influence of the
lenaýh of the test cylinder (L) on the me8sured value of Dr. i.ýý rea1iý;y. the two variables are
independent. and if OUL experimental method is valid, values of the disperþion c:oefficient mea5ured
wÝth different lengths of cylinder , under otberwise similar t:onditions, shpuld be equa!, witbin the
reproducibility limits. The values of Dr ploued in Figure 2 are typic~ and they illustrate the
independence between tbe mcasured values of that parameter ~d the 1ength of the soluble cylinders
used Ýn t4e experiment, pmvided that the Çtitetjon given by (2) is saýisfied, as req~ed.
Tbe varJation of Dr with Jiqu.id velocity is illustrated in Figure 3 at two tepJperatures. An in,,rease in
tempemture is seen tQ lead to an Ý1'Icrea...e in tbe value of tbe dispersion c:oefficicot, tbe effect being
more pronounced at tbe lower velocities. Finally , the effect OD the disperþion coefficient, of a
distribution of particle sizes witbin tbe bed. rnay be asse&sed from our daýa. in parti.cu1ar, 1ot D was



prepared by carefuUy blending tOts B and E in a proportion of 1 : 1 (by weight). in Figure 4.

dispersion data obtained with fhe mixed lot are seen to faU in between the data for the original

Separa[e lots. as might be ~xpected.
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Figure 2 -Varlatiotl of Dr with u for different

lengths oftest cylinder.
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in a fýrst and long serie& of e~periment51 o.n1y cylindors of benzoic: acid were used, with Reynolds
numbers up to 0.24 and temperamres up tO 308 K. to obtain dispersion data needed in tbe analysis
of mass transfer aý'ound buý'ied spheres (Ouedes de Carvalho and De1gado4, 1999). The system 2-
naphtol~water was introduced when it was decided to work at ~gher temperatures, and
simultaneously it wa.s decided to extend the study to the maximum Peclet nunýber (pem ~ ud ID~

compatible with the CriteriOD given by (2) in ouJ' rig.

Plots of the coefficient of transverse dispersion (divided by the co8fficient of mol8cu1ar diffusion)
VS. the Peclet number, bring in(o evidtnce the influence of Sc 011. transv~rse dispersion. As Sc is

decrea&ed. the valýýes of Dr / Dm gradua1)y approach the 1ine correspondi.ng to ''gas behaviour''

(i.e. Sc ~ 1 )7 wmch is known to be well approxiroa.ted by the equatioD

DT 1 1 6(.d
-=-+--
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(3)
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in the analysis of the data collected, lt was found that for Sc ~ 550, plOts of DT / Dm V$. Pem fa]J

Gpproximately on ~ single line wbicb con'espondþ to

Sc ~ 550

and it is beJieved to represent the )ower limit for

wiýb va.lues of Sc between 550 and 1476 all seern
the values of DT / D Jn depend both OD Pem and S
equatjons of the foffi1

Sc< 550

It is important to bear in mlnd tbat eqns. (4) and (S) are onJy recomm~nded for P~ ,, 140D. the
upper limit for PCm in our ex.perlments. Above tbat limit. those tWo equations were not tested aýýd
tbey may prove very inadequate, .ln particular since they do not have the correct asymptotic

beha.viouf, for Pem ~ cýo,
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Figure 6 -Plot of experimenta.l data from this work

in Fi8ure 7 the experimental findiIJgs of cther authors are showl1, again in a plot of DT / Dm VS.

Pem. The so}Jd ljnes corresponding to cqns. (3) and (4) are again reprcsented and SO are two Qashed
lines corresponding"to a correlation proposed by Guwýs (1969). All the ex.pe.rimental points sbown
ýu'e for Sc ~ 540 and ~refore we would ~xpect them to fo.lJ near the line representins eqo. (4). The
greatest devi ations are observed for the points of Orane and Gatdncr6 ( 1961 ), but their scatter is
pronounced, and the two pointS by Harleman and Rume? (1963), ior bi~h Pem. ALL the otber po1ntS

seem to be well repreþented by,eqn. (4).

DT IDm , as Sc is increased, since experlments
to plot aJ.ong this Une. For lower values of Sc.
c and the daghed lines in Figurt 6 corrt.spond to



Comparison of the predictions of the correlation proposed by Ounn~ ( l969); in the range
S2 < Sc < 980 shows thc inadequacy of that correlAtion.

In the present state of knowledge we can recommended the use of equ~tion (4) for Sc > 550 and
eqn. (5) for Sc < 5501 both orýly for Pem < 1400.
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Fjgure 7 -Plot of p~bJished data for Sc > 540.
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