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Abstract

The breakage rate of liquid drops in the dispersed phase is a key way
to improve the heat and mass transfer between the continuous/dispersed
phases. This work includes a review of experimental results of liquid drop
breakage in an agitated tank. The study highlighted the experimental
conditions that were investigated as well as the important findings about
the impact of operating conditions on some breakup parameters. The
conflicts and discrepancies in the findings of those studies were identified
and analyzed. The review found that many experimental parameters affect
the drop breakage rate. The breakage probability (BP), number of
fragments, and breakage time (BT) are direct functions of power input.

Keywords: Stirrer Tank, ds,, Breakage Time, Breakage Probability

Garl o bl Jogll 33 kil o2 w59
Gl ol 05 335 e (s aee b Fas Ny e

tdoMdH
Jo 1 e S0, 5 A ) ) Bnll iy b ) o 1 3 L) S oS e
b ol 151 (5 sl Ll ST gl Sl e sl i oy i)/ 3,0
de Jaadll By b b S el 2l IS, Ld sl £ ) gl 0 1 e gl )
Do) ol dae | L) oy Ll ) s s 3 clasldly o) JI 5 ad ¢ L) Sdlbes an
sacy (BP) oS0 o) ol o s ) d6lol dasludll LSt Juws o 25 Al Sl e

Accepted: 2204 May 2023

1. Introduction

It happens frequently in industries,
including  chemical, food, petroleum, and
pharmaceutical ones, for immiscible fluids to disperse
in turbulent liquid flows. The sizes of the generated
drops produced by drop breakage in turbulence affect
transport phenomena [1]. The mother drop behaves
differently when subjected to varying shear forces and
turbulent fields, beginning with initial deformation and
leading to the first breakup that produces two
fragments (daughter bubbles). The breakage process
can continue to yield the ultimate number of fragments
from the final breaking event [2]. The strength of the
shear force and the turbulent eddies that interact with
the drops determine the number and size distribution
as well as the local breaking behavior [3].

The primary causes of drop breakage have been
hypothesized to be turbulent fluctuations and eddy-
particle collision. High kinetic energy eddies have been
used to describe turbulence. Eddy-particle interaction
results from the interaction of the eddy with fluid
particles. The momentum of the continuous phase
changes, and the drop changes its shape. The drop
surface becomes unstable when the value of the
oscillations is high enough, at which point it stretches

several
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to form a neck and fragments into several daughter
droplets [4]. The local differences in velocities cause
the stresses that are applied to the particles. There are
four possible outcomes when a particle interacts with
turbulent eddies. The fluid particle can produce
considerable deformation and breakage by interacting
with several small turbulent eddies [5,3].

Over several decades, great modeling efforts have
been directed toward studying and attempting to
simulate the drop breakage phenomenon in various
mixers. The vast majority of known experimental
studies on drop breakup studies, characterized the
breakage phenomena by determining the diameter of
the generated bubble (ds2 of dmax) and by the number
of produced drops.

The breakage time is considered a crucial factor in
determining the breakage rate. The time duration
between the start of the mother particle's deformation
and the breakage that produces the final population of
fragments is referred to as the breakage time [6].
Experimentally calculating the breakage time is always
a more effective technique to determine the breakage
probability [7].
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2.The geometry of the stirred tank

The stirred tank show in Figure (1) is made up of a
cylindrical flat bottom tank with its diameter (D). The
second part is rectangular baffles (their width,
Wer=D1/10-Dr/12), baffles are symmetrically spaced
and inserted around the tank's perimeter to avoid
vortex formation. The number of inserted baffles used
can range from zero to four. The most important part
that makes up the mixing tank is the impeller which
has a diameter range of Dr/4- D1/2 and an off-
bottom clearance of a range of D1/6-Dr/2. The
clearance (C) is defined as the distance between the
bottom of the tank and the centetline of the blades [8].
The rotating impeller transfers the mechanical energy
into the bulk liquid and causes mixing by momentum
transfer motion. Regardless of the impeller type used,
the generated streams flow in three directions, namely,
rotational flow, radial flow, and axial flow. For an
unbaffled stirred tank the tangential velocities
generated by turbine impellers are high relative to
radial and axial components and the circumferential
flow is dominated [8]. This type of flow leads to vortex
formation and drains gas from the surrounding
ambiance at high speeds. Symmetrical wall baffles are
usually installed inside the tank to avoid vortex
formation and fluid switling [8,9]. The baffles reduce
the tangential velocity and almost with no changes in
the radial components to ensure even distribution and
create turbulence during transitional and turbulent
mixing [10,11].
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Figure(1): A diagram of the stirred vessel with a
standard Rushton turbine [1].

3. Main findings of previous works

This work includes a review of drop breakup for
the recent twenty years in stirred tank systems and
discusses the effect of drop breakage by determining
ds2 and dma, BP, generated fragments number, and
breakup time. Earlier research on the fluid-particle
breakup in stirred tanks is summarized in Table 1 in
appendix. It consists of the conditions examined in
each paper, the two-phase system, the size of the
experimental  apparatus, and the  breakage
characterization.  parameters chosen, and the
measurement method employed.
3.1. Sauter mean diameter (d3z) and maximum
diameter (dmax)

The Sauter mean diameter d32 is by definition the
ratio of the third to the second moment of the
probability density function the value of dszis related
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to the factors affecting the size distribution of particles
or droplets in a system.

ds; is extensively used in the characterization of
liquid/liquid ot gas/liquid dispersions. This usage
arises because it links the area of the dispersed phase
to its volume and hence to mass transfer and chemical
reaction rates. the Sauter mean diameter depends both
ont dmin, dma, and the shape of the drop size
distribution. The complexity of dispersion processes in
stirred vessels under turbulent conditions does not
allow a theoretical description of the full drop size
distribution[24]. It has been widely used to express the
breakage rate through ds; and dma in the turbulent
field. Determining  dsz and dme depicts the
phenomenon of breakage for getting a better
understanding [25].

Previous studies revealed that drop breakage is a
function of different operating parameters such as the
physical properties of dispersed and continuous
phases, the tank's geometry, the power input, and the
time of exposure to the turbulence field. [12] found
that the dma is the same for both large and small
impellers. Interfacial tension increases dma linearly
[13], show that the dmay for the pure breakup process
decreases with time. For different size impellers, the
small and large dmax values are related to the inverse of
impeller speed.

[21] show the course of the mean diameter is
dependent on the number of drops used for averaging
as presented in Figure(2) . The minimum number of
drops that is necessary to evaluate was determined for
each impeller rotational speed for both impellers. [20]
It was found that the type of liquid phase is the main
factor that affects the bubble size distribution and, it
found that the values of the Sauter mean diameter
increased due to an increase in the superficial air
velocity for air-water systems. finally, the value of ds»
depends on the specific system and conditions.
However, in general, increasing the surface tension or
viscosity of the dispersed phase tends to result in larger
particle or droplet sizes and a higher value of dsz, while
increasing the surface tension or viscosity of the
continuous phase tends to result in smaller particle or
droplet sizes and a lower value of ds;. The method of
particle or droplet generation and the design of the
equipment can also have a significant impact on the
size distribution and value of ds, [27].

[15] reported that the daughter drop diameter
increased with dispersed phase percentage and
decreased with agitation time. [6] show for mother a
drop of size 0.6-4 mm. Uneven-sized breakups were
more common than equal-sized ones. Multiple
breakups were more common than binary ones. [22]
indicated that as the mother droplet size increased, the
daughter droplets became larger.
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Figure (2): Determination of a minimum number of
drops — principle (Rushton turbine, N = 150
rpm)[21].

3.2. The breakup probability (BP)

Counting the number of broken bubbles provides
a simple method for calculating the breakage
probability from experimental observation. The BP is
the number of breakages occurring to the total number
of injected single mother drops. To calculate breakage
probability, only the first breakage is considered.
Previous works found that the BP varied with the
operating conditions. There is a consensus among the
academic result that the probability of breakage
increases in proportion to an increase in either the
power input or the turbulence level. High-velocity
oscillations in the high-turbulence area increase the
chance of eddy-drop contact. When the blade tip is
close, the high effect causes breakage; when it's far,
turbulent eddies of velocity fluctuation do. It's hard to
distinguish between the two, making particle breakup
difficult to identify. The mother fluid particle advances
slowly toward the blade tip before breaking apart
there, usually from blade collision or sheer force. High
stirring speeds push the mother particle away from the
wall, where impeller tip flow currents break it apart. At
high stirring speeds, the mother surface velocity
differential is still functional. Even at low stirring
speeds, anisotropic turbulence in the stirred tank
causes mother drops to break up far from the impeller.
drops can be propelled close to the blade edge by flow
currents and eddies, where they can fragment into
many pieces.

High-speed imaging holds promise for assessing
fluid particle fracture in agitated pipes. This technique
helped researchers find the fracture process, especially
amid strong turbulence. High-speed cameras can
detect fluid particle movement even at high agitation
speeds. Imaging technology has benefits and cons. [14]
studied breakage probability and breakage time for the
three systems (Toluene/water, Paraffin oil 10/ water,
and Paraffin oil 100/ water) at dp = 1.0 mm, ugua =
1.5 m/s. It was found to be 60, 58, and 26, respectively.
The breakage probability in decreases with increasing
droplet stability. [22] determined the probability of
producing different numbers of fragments versus
operating parameters. It implies that in the other
systems studied in this study, the binary breakup was
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dominant. This is because the findings of multiple
breakages being dominant were based primarily on
single-drop breakup experiments in which the
diameter of the droplets was much larger than the drop
swarm under steady-state. [28] reported that the BP is
dependent on impeller geometry, blade number, and
Re. Different bubble breakup rates are produced by
different blade geometries. Variations in impeller
power inputs and flow hydrodynamics at high Re, a
four-flat blade impeller has an 86% BP. In the work
of [3], high BP was observed in front of the blade's tip,
with approximately 90% of breakages occurring within
0.35Ri of the blade's tip (where Ri is the impeller
radius). [29] The breakage probability (BP) of the 4
mm mother bubble at 340 rpm was found to be
increased by 12.61 percent. [30] found that at the
impeller region, the BP in both oil and water is 100%.
In general, the probability of multiple breakages in the
oil phase is slightly lower than in water. The
investigation of the Weber number value on the BP
revealed that high-viscosity paraffin oil 100 has by far
the lowest breakage probability [31]. Webet's numbers
range from 0.6 to 2.2. Probabilities are compared
by(32]. [33] found that at the smallest Weber number,
the BP gradually increased until it reached 1 for a
Weber number close to 50. Breakup probabilities were
found to increase with to We-number up to 50% at
We= 4 [23]. [31] for a low Weber number, the
probability of breakage is high. The authors had similar
results for low Weber number values, with the lowest
data point exhibiting no breakages at Weber number
values ranging from 0.8 to 3.2. The breakage
probability was 9% for Weber number values 3.2-6.4,
increasing to 60% for Weber number values 16-24.
3.3. The breakage time (BT)

The literature describes many methods for
calculating the breakage time, and as a result, on many
occasions, it contrasts the experimentally determined
values. [34] defined BT to start from the beginning of
the extra deformation that causes the drop breakup to
the moment of the first breakage. [7] considered the
BT from the moment the drop entered the impeller
region until the breakage occurrence. [6] defined the
duration of time that elapses between the initial stage
of a spherical drop's deformation and its final breakup
as the breakage time. [35] revealed that increasing the
mother drop size causes an increase in the residence
time in the turbulent field leading to an increase in the
BP. The breakage time values were affected in various
ways by the shape and the agitation velocity. [7]
reported that the breakage time decreases nonlinearly
with increasing drop size. [6] observed that when the
mother drop size rises, the breakage time increases.
When the mother size increased to a significant level,
there was a minimum in the trend that indicated a
significant rise in breakage time. In addition,
petroleum drop had a longer breakup time than
toluene due to its higher viscosity and surface tension.
[36] found that because of the mother bubble's
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trajectory is affected by the breakup time rises, the
breakage zone is also affected. [14] studied breakage
time for the three investigated  systems
(Toluene/water, Paraffin oil 10/ water, and Paraffin
o0il 100/ watet) at dp = 1.0 mm, ugua = 1.5 m/s). The
authors found the breakage time to be 3.4, 3.8, and 8.5
ms, respectively. In addition, the breakage time is
significantly increased for the high-viscosity paraffin
oil. That could be one explanation for the outstanding
breakage location distributions of the high-viscosity
paraffin oil 100/water system.

When deformation starts in the region of high
turbulence level, a breakup occurs away blade.
Breakage initiation correlates with the maximum local
energy dissipation rates. [6] regarded the breaking time
from the last breakage event as the comparatively
substantial deformation that caused the breakage. [37]
reported that the breakage time decreases when
impeller Re and had no systematic trend with the size
of the mother bubble. The BT ranged between (42 and
74 ms) for the investigated mother bubble size and Re.
The time between the first and last breakage is
dependent on both Re and mother bubble. [29]
observed breakage BT decreased by 60% as the
impeller velocity increased, reaching 19.8 ms at 340
rpm. [15] show a single 2-mm toluene drop is
introduced into the breakage cell at a constant velocity
of the continuous phase of 1.5 m/s. After it passes the
section of the disc turbine, the drop breaks into several
daughters drop via a breakup cascade. Figure (3) shows
this behavior. Figure (4) shows the breakage time of an
image sequence of a breakage event. First, an initially
spherical drop is deformed and breaks into two near-
equal daughters. In this instance, the breakage is ended
according to the initial breakage event definition. One
of the daughters continues with a deformation process
and an additional smaller drop is produced.

In this instance, the event is considered to end in
the cascade breakage event definition, as no more
breakages occur. [23]
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Figure (3): A breakage cascade is used to divide the
drop into multiple daughters drops|[15].
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Figure (4): Breakage time a 0.99 mm in diameter
mother drop. [23]

3.4 Number of fragments

Power input and mother drop size both affect how
many fragments (daughter drops) are produced due to
the breakage. The number of fragments grows over
time as the mother drop experiences repeated
breakages. The quantity of daughter bubbles grows as
Re increases. This is likely caused by the faster rate of
energy dissipation, which encourages fragmentation.
[38] found that the average daughter drop size
increased as the mother drop size increased.

More fragments are created when the mother
drop’s size is greater [39]. According to the authors,
breaking a mother's drop into many daughters' drops
requires more energy. A drop must enter a zone with
considerable energy dissipation to break. The smaller
the mother drop, the lower the number of daughter
drops, the lower the drop size, and the lower BP. Only
binary bubble breakups occurred in [34] turbulent pipe
flow systems. [22] it has been reported that viscosity
can have a significant impact on the number of
fragments during the breakup of a single large drop.
There appears to be agreement that viscous droplets
tend to stretch into a thread, resulting in a large
number of droplets. [40] drop breakdown was
investigated in a stirred-loop reactor tank. The number
of daughter drops increased as the mother drop size
(13 mm), viscosity, and impeller speed increased. [41]
investigated the breakup for low values of Weber
numbers. The mean number of generated fragments
increased as the Weber number increased. [33]
investigated drop breakup in pipe flow and found that
the average number of daughter drops was 12. [7]
investigated single-drop breakage in a swirled liquid-
liquid tank. 60% of the 0.56 mm mother drops
disintegrated into two daughter drops. A 2 mm mother
drop gave birth to 97 daughter drops. In turbulent tank
conditions, the authors discovered a link between the
number of daughter drops and the size of the mother
drops: the probability of binary breakdown increased
with  smaller mother drops. Multiple splits
outnumbered binary splits. The most daughter drops
were more than nine. Bubbles in a stirred tank were
investigated [6]. [5] Static mixer breakups and drop
breakups were investigated. The experiment found
that the majority of bubble breakups resulted in a
binary. Multiple breakups were more likely than binary
breakups for drops (average of 3.2 fragments). For 2.5-
3.4 mm mother bubble diameters, multi-breakage
increases with tank energy dissipation rate (0.5, 0.9,
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and 1.4 m? s%). Reported that the particles continue to
fragment until the hydro-mechanical stresses are
unable to overcome the coherence forces that hold the
particle drop. [16] reported that a maximum of 12
daughter bubbles were formed as a result of the
breakup [6]. [29] found that at 340 rpm, a mother
bubble of 4 mm produced 22 fragments. [30] found
that in the case of the oil continuous phase, the average
number of fragments at a speed of 430 rpm is 9.2,
while in the case of water, it is 12.4.

4. Conclusions

From the current review, investigators have
recently worked hard to understand and define how
drops break up in agitated tank systems. Despite years
of intensive research, many aspects of the
phenomenon are still poorly understood. The
visualization studies using high-speed imaging have led
to a successful determination of breakup parameters.
However, they still contradict the results obtained due
to the complexity of the drop breakup phenomena.
The review showed that the number of breakages
increases with the increase in the size of the mother
drop and the speed of agitation (or Re). The most
important conclusion reached through this review is
that the dma is the same for both large and small
impellers.  Unequal-sized breakups were more
common than equal-sized breakups. Multiple breakups
were more common than binary when the mother
droplet size increases. There is a consensus among the
experimental results that the breakup probability
increases in proportion to the rise in either the power
input or the turbulence level. The breakup probability
(BP) on impeller geometry, blade number, and Re, and
the studies all agree that increasing the Re increases the
BP. When the mother size rises, the breakage time
(BT) decreases. Most previous works showed that BT
decreases with increasing Re and has no systematic
trend with the size of the mother bubble. The quantity
of daughter bubbles grows as Re increases. The
smaller the mother drop, the lower the number of
daughter drops, the lower size, and the lower
probability of breakage. There appears to be an
agreement that viscous droplets tend to stretch into a
thread, resulting in a large number of droplets. More
scientific efforts using are still required to better
understand the drop breakup mechanism and the
effect of operating conditions.
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Appendix
Table (1): Experimental studies of drop breakage in stirred tank system
Experimental . . The two Break?ge. The_
Authors . Operating conditions characterization| measuring
equipment phases .
parameters |technique (s)
4 baffle, Dy = 105 N = (100 700) Cg;;j‘ggg;s
mm and 127 mm, 6| rpm , addition 0.3% SDS, pa = | P - svr ’ ol
[12] | blade impellers, D; | (1.07-156) mPas, o = (2.7-7.1) | “ooar SYrup dmax Samping
_ _ Dispersed technique
=(40,50,70 )ymm | mN/mT = room temperature, phase:
= = 30 :
(Rushton), H = Dr. D = 3% sunflower oil
4 baffle, Dt = 105 Continuous
. 0,
‘Elmdanfnlzﬁ Tmf)é N = (0.7-1.5) m/s, addition Phasf‘ 6r0 o olin
[13] | 22 mPeiers Pl 304 SDS, agitation time = (1— | o8 Y- dmax samping
= 40 mm, 50 mm, 30) b, @ = 3% Dispersed technique
70 mm (Rushton), N ! phase:
H=Dr. sunflower oil
Tank of flat Continuous
14 bottom, 4 baffles, | N = (400-770) rpm, dp = (0.5— | phase: distilled 4 sampling
[14] H=D:Dyr =150 | 3.1) mm ,T = 20 °C, ® = 20%, |water Dispersed 2 technique
mm, 6 blades phase: toluene
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impeller, D; = 50
mm, C = 50 mm,

Continuous
Cutved bottom  |PVA = 300 mg/kg, t = (1-1170)| phase: water
tank, 4 baffles, Dr min, N = (250—410) rpm, Dispersed Hioh d
[15] = 155 mm, 6 blades|addition of surfactant(PVA), T =| phase: anisole, ds & r:pree
impeller, D; = 93 |20 °C, dtol. = (0.05-0.45), ® of | cyclohexane, n- camera
mm others = (0.05-0.2) butyl chloride,
and toluene)
dished bottom, Continuous
4 baffles, Dt = 293 phase: water
mm, filling volume | ppar. = 0.107 Pa-s, agitation rate | containing 1 molin
[16] =035m>,3 |=4.2t010s-1 Qu=0.7 vvm pH | mmol-L-! PO, dmax tsa hEi &
Rushton turbine =173,T=25°C Dispersed cehmque
impellers, D; = 104 phase: paraffin
mm, C = 95 mm oil
Dy = 150 mm = H, t= (1.—18(1) min, PVA Continuous .
= 0. 0 —0.1%, : -
1 6 Rushton blade | concentration 0.001% —0.1%, | phase: water 4 High-speed
7] o e]‘ll(;r 1 baffleq. | N = (350700 )rpm, hydrolysis | Dispersed 2 camera
p 5 | =88% and 98%, T = 25 °C, | phase: toluene
dished bottom
Dr=12m,4 ,
baffles. fillin Continuous
’ & ppar. = 0.107 Pa's /m3,t =3h | phase: water
volume (2.4-2.8) o . -
m3, 3 impeller types| "7 (0.1-1) vvm, power input | containing 1 sampling
[18] f’6 blades in on =(0.3-6.3) Kw/m?, pH = 7.3, |mmol-L—1 PO, dinax cechni
oD IO | T=25°C, @ = (0.001-0.003) | Dispersed cchmiqne
shaft, ID; = (041, m3 hase: paraffin
0.51) m. Clearance: phas '01?1
Ci=051,C =12,
C3 =1.89
e (m?/s%) =1.14
T=298 K
o (kg/m’) =
Toluene 866.7
Petroleum 754 Continuous
n-Dodecane 745
The tank of flat 1-Octanol 822 P hase: Probability (%)
bottom, 4 baffles _ distilled water .
BW= is 11mm o = (mN/m) Dispersed | ©F Pinary and
. Toluene 33 multiple a high-speed
[6] 6 impeller blades phase:
_ Petroleum 44.5 breakups camera
C=4cm petroleum,
Di= 50 mm n-Dodecane 41.5 toluene. n And the
_ 1-Octanol 8.4 olene, n- Breakage time
D1=143 mm - dodecane, and
i = (mPas) DKH, 1-octanol
Toluene 0.60 '
Petroleum 1.14
n-Dodecane 1.38
1-Octanol 7.52
N= 650 rpm
The horizontal Conti
vessel, 4 baffles, onh nu(')us
Rushton turbine, 4 | N = (300-900) rpm, T = 20°C, | P nifj 1 Hiohosnced
[19]  |blade propellers, D; | pe = (2.23-3.13) mPas, t = (17— | beninco dso and duna gh-spec
- - . Dispersed camera
= 63.5mm, Dt = 500) min. hase: plasti
127 mm H = 127 phase: p astic
liquids.
mm
Stirred Tank, U=1.5m/s Continuous
Baffles, Rushton o [mN/m] = phase: water
turbine toluene 32 Two oils were
Diameter of mother petroleum 38.5 used in the number of hioh q
[20] drop toluene/water n-dodecane 41.5 dispersed phase:| daughters drops & I:;pree
(0.65, 1.0, 2.0, 3.0) u[mPa-s] = toluene (99.98%|and breakup time| <
petroleum/water toluene 0.55 purity) and
0.54,0.7, 1.0, 1.3, petroleum 0.65 petroleum
1.9, 3.1) n-dodecane 1.38 (99.9% purity)
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C=1m olkg/m’] = Both oils were
toluene 870 blended
petroleum 790 with a non-
n-dodecane 745 water-soluble
e=09-14m?s3. black dye
N= (600, 650, and 700 rpm)
For Water p=998(kg/m?),
baffled cylindrical |p=0.955 *103 (Pa.s),0=7.2 * 102 Conti
. ontinuous
flat bottom, vessel, (N/m), For Silicone hase: water
o1 T=300mm, 4 |oi,WACKER AP 200, p=1070| F Dispersed | ds and dmax |image analysis
baffles, H = T. Di (kg/m?3) hase: sili :
=100 mm, C /D = =0214x 103 phase Sicone
’ B oil
0.85. B/T was 0.1. (Pa.s) ,0=3.5x 102 (N/m), ® =
0.047 %

Continuous
phase: The
od (kg/m3= (3+Y,473_ 4£A,47Y | deionized water
ATY,4TY,VAY, AT Dispersed
a square tank AYT.840,A2)) respectively phase: silicone
Di= 65mm 8 u (mPas) = (3.67,10.0, oil_1
blades with 10 mm 26.7,86.0,86.0,315 silicone oil_2
high and 2 mm 3.25,7.04,13.46 silicone oil_3
thickness 30.55,58.34) respectively silicone oil_4
Mixer tank 100X | 6(mN/m) = (30.21,36.57,36.42 | silicone oil_5 . A high-speed
[22] 100X 100 mm ( 31?28,51.28,32.14 30vol% paraffin Probability, dz camera
Buffer chamber 31.89,44.65,45.79,46.19 oil /
100x 100x 30 mm 51.61) respectively n-dodecane
Image region 5.5% N (rpm)= (390,420,600) 75vol% paraffin
14.7x 10 mm T=25 °C and at atmosphetic oil /
pressure n-dodecane
The total feed flow rate 90vol% paraffin
500 mL/min oil /
n-dodecane
paraffin oil
Properties of 1-octanol dyed
The channel is 1 m | with Sudan Black Density, p =
long with a cross- 825 kg/m?
section of ,u=9.09 103 kg/ (m s) Continuous the breakage
30 mm by 30 mm o =8.20 mN/m. phase: reverse | probability, the hioh-speed
[23] and the rods are 3 U [m/s]=1,1.52 osmosis tap | average number %amleora

mm by 3 mm
spaced evenly
every 10 mm.

the continuous phase p= 1000
kg/m?
Mother Drop
Size[mm]=(1,1.48,1.78,2.23
0.87,1.13,0.86,1.02)

water Dispersed
phase: 1-octanol

of fragments, the
size distribution,




