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The spatial distribution of drops in multiphase Stokes flow is derived theoretically as a function of
two dimensionless parameters, accounting for wall migration, buoyancy, and shear-induced
diffusion. The wall migration effect, which drives drops away from the walls and toward the center
of the gap, is often significant even when droplets are 100 times smaller than the gap. By
comparison with the experimental drop concentration profile, the shear-induced down-gradient
diffusivity is measured and found to be approximately four to five times larger than the prediction
for drop self-diffusivity These are the first such measurements of the diffusivity of drops with clean
interfaces and contrast markedly with previous measurements on surfactant-laden drops.
Nonuniform concentration along the vorticity axis is also investigated briefly.

[DOI: 10.1063/1.1560617

I. INTRODUCTION ing that the assumptions of small deformation theory do not
hold when the drops are within a few radii from the wall.

Immiscible fluid mixtures are encountered in many in- The prediction of Chan and Leal accounts for the effect
dustrial processes, and the distribution and shape of the digz poth walls simultaneousf:

perse phase in such fluids is of interest. In addition to bulk
phenomena, wall effects may become significant when small a? , 8y’
distances separate the bounding walls, see, e.g., Ref. 1.

Umig=4a’ CayaF -y - m , (2)
Greater understanding of multiphase flow in narrow passages . _ . .
may aid development of microfluidic applications, particu-Wherey is the dimensionless position from the center plane

larly those concerning liquid—liquid separation. between bounding walls separated by a distamcEhe sec-

In bounded uniform shear flow, fluid droplets are known©Nd term in Eq.(2) is always the most significant and is

to migrate away from the walls and toward the center plan&duivalent to the simple sum of the effect of each wall indi-
of the shear cell(see, e.g., Ref. )2 Small deformation vidually. According to Chan and Leal, the coefficiedatis

theory’~ predicts the migration velocity g singie@Way from written
a single wall: _ (16+19%) 3(54+977+54%°) .
a2 T (16+167) 2801+ 7)? ©
Umig single= @ Caya—, 1 .
mig.single™ & A2 @) Drops also drift in response to buoyant force:
wherey; is the distance from the wall to the center of the 2 (pa—pd)9 (p+1)
drop, a is the droplet radius, angt is the shear ratex is a Ubuoy™ ~ g e (7+203) a’, @)

coefficient(equal to approximately 0.6, with slightly differ- . )

ent values for each of the predictions citetiat is a very wherep_d andp. denote the density of the respective phases.

weak function of the raticiy= 74/ 7, between droplet and 'N€ ratio

continuous phase viscositigsee Eq(3)]. Ca is the capillary 1 Bo h? (5+1)

number equal toy.yal/ o, whereo is the interfacial tension.
Experimental measuremeff$-®and simulation®~2of

Umig.single @r€ Within several percent of the predictions of which depends strongly on Ca, assesses the relative impor-

small deformation theoryEq. (1)] when <1, but poor tance of buoyancy and wall migration. Bo-(pq

agreement is observed whénis large. Even wheriy<1, —p.)ga® o is the Bond number.

significant deviationgnearly 40% between simulation and When an immiscible mixture contains a sufficient frac-

small deformation theory are observed whegria is small, tion of the droplet phase, then drop interactions are also im-

i.e., equal to 2.3 Moreover, these simulations show that  portant. When two droplets on different streamlines collide,

also depends weakly on Ca wheq/a is small’®**suggest-  their contact is asymmetric and the drops depart on stream-

P=Tga CRZ (123"
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lines that are more widely separated that the original ones owhereu,,y, ¢, andD are functions ofy. Migration and dif-
which they approached one anoth&r’ Random collisions  fusion along the vorticity axis is ignored.

therefore lead to random motions perpendicular to the  Substituting Egs(2), (4), and(6) into Eq.(8), and non-
streamlines™*’ At high rates of flow, droplet motions are dimensionalizing, t=t'(h%ya?fydo)=t'r, ¢=¢ ¢,
dominated by the flow and not by Brownian motigmgh  (where ¢, is the average volume fractipandy=y’h, the
Peclet numbers, Re=4a?y/Dg, where the subscript B re- governing differential equation is written

fers to Brownian diffusion of the drops, thereby distinguish- , ,

. . . - 2] d 8y

ing this Peclet number from the one to be introduced in Sec. _—_— _(¢r p% —B+y'+ —,22>)

Il), so that the apparent diffusive motion is called shear- U dy (1-4y™)

induced diffusion. The self-diffusivity for a monodisperse P i’

dilute distribution of droplets is equal to the product of the (qb' ) 9)
collision frequency(proportional to¢y, whered is the local

volume fraction of droplefsand the average square displace-where
ment per collision(proportional toa?):

+ = 7
Iy 4%

. a 4a
D= pya’f;, 5) Pe=Car faybo

:’jv,?fer?fi IS a goefﬂugnt tha:] de;;]ends }/f\{egklyfondgﬁa. Theis a Peclet number, describing the balance of convective
\ usivity is amsotroplc, S0 t. at t. e coefficiefy for di u- (wall migration to diffusive transport on length scales of the

sion along the velocity gradient is 2 to more than 20 tlmesdrop radius
greater than that along the vorticity axis.*® f, andf, also '

q d . ity ratie: th tial tant f At steady state the net flux is zero, and diffusive and
epend on viscosily ratig. they are essentially constant 1or .,y ective fluxes balance. Two solutions of £9). are pos-

7<0.5 and approach zero at large relative droplet ViSCOSitysibIe. One is the trivial solution, i.ed’ (y')=0, describing a

i t_The dig_“Si?F‘ coeﬁici?nD Idtestcr:ibinglffldq?r in_a_ coné:en- region free of drops near the wall, demarcated by positions
ration gradient is proportional to the self-diffusiviigf. Eq. Ye_ andy,, . The other solution is found by integration:

B)]:

12

D=¢ya’ty. (6) ¢’(y’)=¢é+Pe(1+,8y’—y7—ﬁy,2 : (10)
It turns out thatf; is greater tharf;,'>® because droplet _ _ . _
collisions from the direction of high concentration are moreWhere ¢ is an integration constant, equivalent to the nor-
frequent than those from the lower concentration side. As &halized droplet concentration at the center plapg.s de-
Consequencefg is at least twicefy_]-S For rough hard termined by ConserV&.l.tlon of the total VQ!Ume fraCUOn, ex-
spheresf ,,=6f,.* For droplets, however, the precise rela- Pressed as the following boundary condition:
tionship between the two diffusivities has not been estab- )
lished. Here we report the first experimental measurements fy,“gb’ dy'=1. (11
of the drop diffusivity in emulsions without surfactant. Ye-

Shear-induced diffusion and wall migration work againstsimilar expressions can be derived for pressure driven flow.
one another, and a nonuniform distribution of droplets is ex-  Whereas solutions of the linearized problem are
pected at steady state. King and Leighton recently calculategef-similar® nonlinear terms are significant when Pe is
this distribution, assuming a linearized form of the migrationsma”, and the solutions are no |0nger Se'f-simuﬁi‘g_ 1)
velocity? In this report, we calculate the steady-state distri-»’ andy,, were determined numericall§q. (11)] (see Fig.
bution of droplets for the unlinearized velocitifq. (2)] and  2) py integrating using the trapezoidal rule and an interval of
compare with experimental results. We also consider the efay’ =0.001. These figures illustrate that the linear solution
fect of buoyancy. In the nonlinear problem, steady-state sois a good approximation when Pe is more than 10. When Pe
lutions are no longer self-similar. Moreover, temporal solu-is small, . andy_.. approach 1 and-0.5, respectively.
tions may be qualitatively different, giving rise to a  Although the solutions are not self-similar, the effect of
concentrated layer adjacent to a denuded one near the walkyerage concentratiosh, remains simple. Multiplying Eq.

(10) by ¢¢, we note that only the first term depends ¢g

(through ¢ as wel), so that changing the average concen-
Il. MODEL CALCULATIONS AND DISCUSSION tration simply displaces curves vertically.

First, we assume that the drop size distribution is mono—s, Undelrl what qrcumstanzes IS W:” m|grat|02n S|gp|f|cant.
disperse, as is appropriate for steady stafeollowing King ince wall migration is rapid near the waktq. (2)], migra-

and Leightor?, the local flux of dispersed phase along thetic;]r_l '; alwa)t;s significafnt there, proltilupcing';a\al denud;:d zon”e,
velocity gradient directiory axis) is which may be narrow for very small Pe. At larger Pe, wa

migration perturbs the drop concentration throughout the
J= (UmigT Upuoy ¢— D d/dy, (7)  bulk. The significance of this bulk effect can be evaluated
from the magnitude of either the midplane concentratign

or the root-mean-square deviation from the average concen-
tration,((¢' — 1)?)*2. Based on these measures, wall migra-
tion has a substantial bulk effect even for small values of Pe,

and the corresponding volume fraction balance is

% _

J
ot __@[(Umig""ubuoy)d)_Ddd)/dy]' ®
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FIG. 1. (a) Normalized steady-state local volume fraction vs dimensionlessFIG' 2. (a) The integration constang, as function of Pe, an@=0. The

position within the gap for Pe0, 0.1, 1, and 10, an@=0. The concentra- linear solution is shown with dashed ling) The edge of the denuded zone

tion profile narrows progressively as Pe increaéd@sThe root-mean-square  Ye VS Pe(closed symbols and 3=0. The ratio ofy, to its linear approxi-
deviation from uniform drop concentration vs Pe. mation is plotted with open symbols. When<P&0, y. differs significantly

from the linear prediction.

of order 1 or less. For example, the average deviation of the .
concentration is 27% when P#.1[Fig. 1(b)]. Considering |£3— Ve[

an emulsion at steady state, for which-0&4, a~0.6, f, Tex(Yes) = Umig

~0.2, $o~0.1, it is remarkable that significant bulk effects L

occur even when the drop radius is two orders of magnitude _T T2 Ve (12)
smaller than the gap spacin@e., whena/h=0.01, Pe Pely.. +8y../(1—4y.2)?|

~0.5).
When Pe is changed, the concentration profile evolves

where unq is evaluated ay,. . 7/Pe is an alternative time

toward a new steady state. In the linear model, these temp%bnstant for this problem, as noted by King and Leigﬁ’ton.

ral solutions are identical in form to the steady-state\yhen Pe=30 +.=0.005 = so that the transient profile
solutions® For the nonlinear model, however, temporal solu-ghown in Fig.,3 ?s at apprc;ximately 02. As expected, at

tions are distinct in form. In fact, when Pe is increased, &hese short times, the width of the denuded zone is consid-
multimodal distribution may occur in which a peak in con- erably less than the final steady state.

centration forms adjacent to the denuded z(fig. 3). The Transient behavior can also be induced by drop coales-
time required to establish the new denuded zongats  cence. If coalescence is slow compared,thowever, quasi-
approximated by the following: steady-state concentration profiles result.
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FIG. 4. Two images from a through-focus series of images of the same area
of the sample. The previous shear rate was 5 §=200um, anda,

05+ =17 um. The focal plane is afg) y=35 and(b) y=50 um. The variation
in the appearance of the drops indicates their position relative to the plane of

o focus. Dark (under-focused drops (e.g., labeled with a minus sigrare

T T T © T T T closer to the objective lens, and whitever-focusedl drops (e.g., labeled
-05 -04 -03 -02 -01 O 01 02 03 04 05 with a plus sign are further away. Drops near the plane of fo¢iabeled
' with an asteriskexhibit weaker contrast, such that the interior of the drop
y has nearly the same intensity as the surroundings and only its rim appears
dark. Note that a light “halo” surrounds under-focused drops, whereas over-

FIG. 3. A temporal solution after sudden increase in Pe from 1 to 30, andocused drops are surrounded by a dark one.
B=0. Shown are solutions for the initial and final single-mode steady states,
and the transient bimodal distribution tt=0.001.

Mixtures were examined by bright-field optical micros-
IIl. MATERIALS AND EXPERIMENTAL METHODS copy gsing a Linkam Scientific Instruments C.SS-45.0 heated
) o shearing cell that was mounted on a Zeiss microscope

Three fluids were used in this study: p@hylene gly-  equipped with a 648 480 pixel CCD camera. One of two
col) (PEG, the continuous phase; PolySciefiBepoly(pro- 10y ong-working-distance objectives was used, and the im-

pylene glyco] (PPG; Arco Chemical Cpand polyethylene- 546 magnification(0.81 and 0.66um/pixel, respectively

alt-propyleng (PEP, Polymer Synthesis Facility, U. a5 determined using a calibrated Ronchi ruling. The shear

Minnesota. Their number—averagg molecular Masses argg|| has a parallel-plate geomefithe gap spacing was cali-
10000, 12200 and 4300, respectively; the polydispersity of ated by means of the microscope stage micrometer by fo-

molecular mass for each is approximatély,/M,=1.1, 8  cysing on the top and bottom plate surfaces. The translation
determined by matrix-assisted laser-desorption-ionizationy the micrometer is linear and accurate to within 0.8%,
mass spectroscopy and size-exclusion chromatography.  ested independently using a dial gauge micrometer. The ex-

_E_xperiments were conqlucted at7s and-aD1 °C. Vis- perimental uncertainty of the gap spacing is approximately
cosities were measured using Carrimed and ARES cone-and-4 m.

plate rheometergTable ) and found to be Newtonian up to Mixtures were prepared by weighting the components,
shear rates of at least 800's Since the viscosity of PPG and and stirring them with a spatula. After loading the mixture
PEP are similar, the viscosity ratip is essentially constant jnq the shear stage, the gap was set as desired. If another gap
and equal to 0.18. Densitigswere computedTable ) based  gpacing was desired, the sample was stirred again and re-
on tabulated reference data according to the folloviing: loaded, before setting the gap, so that initial conditions

1p=1pert e(T—T,e), (13)  would be consistent. The sample was sheared at a desired
) ) rate for timesO(1000 s), or longer, in intervals of approxi-
Wherepye is the density af e mately 100 s. After such long shearing times, the drop-size

The interfacial tension between drop and continuOUsyigyribytion was relatively narrow, with, /a,~1.2. (@, and

phases was determined frgm measurement of small de_forma;] denote volume and number averaged radii, respectively,
tion under steady shé&”® and by the droplet retraction

iU : X ) - and were computed according to procedures described
technique” The interfacial tension of PP.G/PEG is 0.0034 earlier’® Immediately after shearing, when the sample was
and 0.0030 N/m at 75 and 90 °C, respectivelfhe interfa-

X s , . at rest, a series of images were obtained at different planes of
cial tension of PEP/PEG is 0.010 N/m at 90 °C, cf. Refs. 264, ;o (Fig. 4. The distance between successive planes of
21. focus is approximately equal to the translation of the micro-
scope stage micrometer times the refractive index of PEG
TABLE I. Material viscosity and density. Npec= 1.46%° Rest times were limited>(100 s), so that
buoyant motion during rest could be neglect¢Bor ex-

Material T(C) 7 (Pas p(glem)  ample, PEP dropsi=10 x#m, in PEG at 90 °C rise at a rate
PEG 10 k 75 41 1.081  equal to 27 nm/s—Ed4).] The drop concentration, gap set-

90 2.7 1.070 ting, and shear rate were selected to facilitate measurement
PPG 12.2 k 75 0.71 0.970  of the drop concentration profile: viz., so that images of
PEP 43 Kk 9;’5 o(fgl 06?326 drops would not overlap significantly and so tle@h<10.

% 0.48 0.817 Owing partly to these requirements, the range of Pe tested

was limited.[Note that for all experiments, the Reynolds
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TABLE Il. Summary of experimental conditions and data analysis. denuded zones adjacent to each wall are evideig. 5).

Drop matl PEP PEP PPG PPG These denuded zones are clearly not_ an excluded volume
effect, because they each are much wider than the drop ra-

o 0.0200 0.0200 0.0220 0.0220  djus. The experimental concentration profile is fit to the the-

TCO 98 18 98 18 72 17 9% 10 oretical profile[Eq. (10)], by adjusting the value of Pe to

o (um) 200 200 150 100 minimize the sum of squared errors £2). The uncertainty

y(sh 5 20 40 80 in Pe is estimated from the values of Pe that cause this error

a, (um) 17 10 8.5 6.0 sum to double. From the value of Pe, we deduce the only

Ca 0.02 0.05 0.40 0.40 unknown material parameter, i.€.,, (Table Il). Since an

B 2.7 0.46 0.006 0.003 . : . 9yt .

N 13 28 15 8 estimate off, (Table Il) is available by interpolation of pub-

Nld 352 1329 362 244 lished results? we calculate the unknown parametgy/f, .

fy 0.038 0.042 0.050 0.050 The uncertainty in this ratio is essentially the same in pro-

Pe 1.0-0.2 2005  110:14 10107  portion as the uncertainty in Pe. The rafig,/f, does not

iA YN g-gi 8-22 g-gz 8-(2’2 depend significantly on Cdor Ca ranging from 0.02 to 0)4

gy : . . . . . _ o .

forf, 55 3.7 44 5.0 Averaging the four experimentsfy,/f,=4.6+0.8. This

value is somewhat smaller than the value 6 that was calcu-
“The standard uncertainty in and a, are =4 and =1 um, respectively, lated for rigid rough spheré$.Although no calculations are

based on one standard deviatid¥). is the total number of images in the published,fgy/fy is expected to be roughly of this magnitude
focal series, andNq is the total number of drops counted. Hefgis esti- é’:ﬂSO for fluid drop§.

mated by interpolation of the calculations of Loewenberg and Hinch, as . .
function of  and Ca(Ref. 15. These results differ from those previously reported by

King and Leightor?, who found values off4, equal to

roughly 0.02, approximately an order of magnitude smaller
number Re=p.yh? 7. is small (=10 °), so that Stokes flow than our current measurements. King and Leighton sug-
can be assumeq. gested three possible reasons to explain their unexpectedly

For each series of imageS, the number of drops in focu§ma.” values. Of these, the most Signiﬁcaﬂt difference with
in each image was recordéd.g., see Fig. ¥ The number the present experiments and likely the most significant effect
density was normalized to give unit integral across the gap's partial immobilization of the interface induced by the pres-
so that it could be fit directly with the normalized concentra-ence of surfactantConcerning the other two suggestions,
tion [Eq. (10)] by adjusting Pe. From Pe, the drop gradientcoalescence is rare and size polydispersity is only a minor
diffusivity f,, was determined. _effect.g) Th_e diffusivity of drops with completely immobile
interfaces is expected to be indeed very sriall.

Although the interfaceéin the experiments of King and
Leighton were, by design, far from being completely

Experimental conditions and results are summarized inmmobile?* the effectiveness of the surfactant in inhibiting
Table I, and an example data set is shown in Fig. 5. Widecoalescence is consistent with a partial reduction in the in-
terfacial mobility. Such reduction can influence the coales-
cence process in one or two ways. First, as the mobility of
the interface decreases, either by increasing drop viscosity or
adding surfactant, the trajectory of colliding drops ap-
proaches that exhibited by solid particBsSecond, at large
enough Ca, lower interface mobilitglso suppresses film
drainage, and thereby further inhibits coalescence. In relation
to shear-induced drop diffusion, the effect of surfactant on
the drop trajectory is the central issue.

In the present experiments, the interfaces are clean, with-
out surfactant. Surfactant is not necessary to prevent coales-
cence, because both phases are somewhat more viscous than
the fluids used by King and Leighton. Consequently, the coa-
lescence rate is small. In addition, the experiments involving
PPG drops are essentially at &a where the coalescence
t t t rate is negligible.

-0.4 -0.2 00 02 04 We now estimate the approximate degree of interface
y' immobilization in the experiments of King and Leighton and

the magnitude of its effect on the diffusivity. The gradient in

FIG. 5. Theoretical and experimental volume fraction profiles are comparedthe interfacial surfactant concentration caused by drop con-

Symbols represent data from PEP drogis<0.0200) sheared at 205see  yection may be limited by any of three factors® diffusion

Table II_ fqr detailed p_arameter_s and result.s, error bars represent standa(gf surfactant on the interface, diffusion in the bullto and

uncertainties. The solid curve is the best-fit line from ELp), where Pe - . . .

=2.0. The volume-averaged drop radiug, € 10 «m) is indicated at left.  {ToM the interfacg and local equilibration between the inter-

The gap spacing is 20gm. face and the adjacent regions. Specifically, the concentration

IV. RESULTS AND DISCUSSION

2.5
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0.0 4
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gradient is associated with at least one of three parameters,
depending the dominaritimiting) mechanism: Pg(the in-
terfacial Peclet numbgrPe,- H (the product of the bulk Pe-
clet number and the dimensionless diffusion distangék

(the ratio of the shear rate to the kinetic rate constant for
desorption, i.e., the inverse of the Biot numbeespectively.

Of the three, only RgH depends significantly on surfactant
concentration. The interfacial gradient induces a Marangoni
stress that retards the interface, which is proportional to the
product of Ma(the Marangoni numbgrand the appropriate
parameter associated with the concentration gradfefit.

IG. 6. Trains of drops that develop after extended shearing times when

The Marangoni stress depends on surfactant volumg

fraction ¢ in such a way that at very low concentration, it
increases withps and then itdecreasesgain at high con-

rop size and Ca are large enough. The image is taken at rest after shearing
at 100 s for 200 s. The volume average drop radiug,js=9.1 um, so that
Ca=0.25. The gap spacing is 200 um. Essentially the full width of the

centrations, when surfactant exchange with the bulk is domiband on the right is in view. As in Fig. 4, drops have various light and dark

nant. In the latter “remobilization” regimé'3® increasing

appearance.

surfactant concentration mainly reduces the diffusion dis-

tanceH.
For King and Leighton’s experimentsy&10s!; a
~300um), we estimate Pe=Pg,= ya?/D,~3%x10° and

[mats

A= 6ot do0a

~5%x1073,

so that bulk diffusion is far more effective than surface dif-

fusion in reducing interfacial concentration gradients. In

While the focus of this report is migration along the
velocity gradient directiorty), we close this section by re-
porting interesting observations of migration along the vor-
ticity axis (z). Global migration along the vorticity axis is
predicted to be negligibl& and indeed none is observed.
However, bands of high and low drop concentratibig. 6)
develop under some conditions, most readily when drop size
and Ca are relatively largesee caption, Fig. )6 Bands were
observed in mixtures containing either PPG or PEP drops.

other words, the interface is remobilized to a significant eX'Demonstrating the importance of large drop size, these

tent. (These estimates involve the following parameters: th
surfactant diffusion coefficientD ¢~2.6x 10~ 0 m?/s;31:37
the molecular volume of the surfactant=1 nn¥; the maxi-
mum interfacial concentratiofi,,e~1 nm 23" and the vol-
ume fraction of surfactant in the aqueous phage
~0.0009, which is approximately 1500 times greater that th
characteristic concentratiop..>*) To obtain the largest
estimate of remobilization, we also assume that the interf
cial kinetics are fast enougfi.e., k>1s !, approximately
an order of magnitude larger than tlever boundestimate
suggested by Stels al3!) that surfactant exchange with the
bulk is limited by diffusion. Considering drop viscosity and
Marangoni effects togethéf the interfacial mobility is pro-
portional to approximately 1/(83%+MaPg H). Ma can
be estimated as

Opg— O

Ma~ O'Oca '

estripes may be erased by shearing at high rates, so that the

drops break to a much smaller size and eventually redistrib-
ute by shear-induced diffusion alormy Demonstrating the
importance of large Ca, weak stripéhose that have just
begun to form, so that the concentration of drops is only

E‘slightly nonuniform can also be erased by shearing at slower

rates, though the rate of erasure is much slower. Such erasure

afnay be prevented, if the rate of coalescence is fast enough.

(When coalescence is dominant, string and “pearl-necklace”
morphologies have been observéd) It was not possible to
obtain uniform(alongz) mixtures with sufficiently large PEP
drops at high CdTable Il). Consequently, analysis @f(y)

for this material was restricted to lower values of Ca. In all
experiments analyzed according to E#0), the concentra-
tion of drops along the vorticity axis was uniform.

A nonuniform organization of dispersed phase along the
vorticity axis is also found in coating flows of suspensions of
rigid particles** The coating flow field was realized in a
Couette device partially filled with the suspensférhen

whereay is th_e interfacial tension in the abse_nce of surfac-the device was completely filled, no such segregation of par-
tant, (oo~ o) is the surface pressure, and Ca is the capillaryjcjes was observed. These and related phenomena have been

number. In King and Leighton's experiments, Ma is nearyisc ssed theoretically, e.g., Refs. 42 and 43, and additional
unity. In view of an approximately analogous relat'O”Sh'ptheoretical work is needed.

between? and MaPgH, we conclude that MaRBél is

Iqrge_e_noggI”[O(.10)] 5t_hat a S|gn|f|c§1nt effect on the drop V. IMPLICATIONS

diffusivity is possible'® in spite of rapid exchange of surfac-

tant with the bulk. Note that reducing the interface mobility This work demonstrates that wall migration in fluid sus-
by means of Marangoni effects will have a much greatempensions may be significant, with important implications.
effect on diffusivity than on wall migration, because of dif- First, this phenomenon has significant effects on coalescence
ferences in local flow type: the former involves drop inter- behavior, because the concentration of disperse phase is
action (local interface extensignwhereas the latter is asso- higher in the center of the gap, thereby increasing the coa-
ciated with single drop behavidimterface recirculation lescence rat To approximate the magnitude of this effect,
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we recall that coalescence of moderately dilute suspension3v. R. King and D. T. Leighton, “Measurement of shear-induced disper-
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