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In a rotating-disk dynamic filter, the effects of the rotating-disk structure, including the

shape  and number of vanes, on the distribution of fluid velocity and shear stress acting on

the  membrane surface were examined using computational fluid dynamics (CFD). Six types

of  rotating disk were designed and installed above the filter membrane in a filter cham-

ber  to study their performance. Three-dimensional fluid flow fields in the filter chamber

were simulated for various rotating disks, disk rotation speeds, and feed flow rates by using

FLUENT software. The equations of continuity and momentum balance were solved numer-

ically using a finite volume scheme along with the renormalization-group k–ε model. The

simulated results indicated that the disk structure and rotation speed were the most cru-

cial  factors affecting the filtration performance. An optimal disk design for higher permeate

fluxes and less membrane cake fouling can be achieved by increasing the shear stress on

the  membrane surface. A rotating disk equipped with more vanes can generate higher shear

stress on the membrane surface for a given rotation speed. However, more  power should

be  supplied to drive the rotating disk. Although the B2 rotating disk showed the highest

filtration flux, Type-A2 and Type-C disks had the optimal designs, which were achieved by
considering the filtration flux and power consumption simultaneously.

©  2014 The Institution of Chemical Engineers. Published by Elsevier B.V. All rights reserved.

juice (Zhu et al., 2013). Ríos et al. (2011) and Jaffrin et al. (2004)
1.  Introduction

Microalgae are microscopic algae, often found in freshwater
and marine environments. Because of their rapid growth and
high lipid content, a range of microalgae species are produced
in hatcheries and used for a variety of commercial purposes,
for example, biodiesel production, health food preparation.
The production of biodiesel from microalgae includes several
stages, such as microalgae cultivation, microalgae concen-
tration, cell disruption, and lipid extraction and purification
(Chisti, 2007). Microfiltration has been increasingly used for
microalgae concentration in recent years because it offers
the advantages of high selectivity, low pollution, and energy

saving. However, membrane fouling often unavoidably occurs
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during a filtration process. Comparing with conventional cross
flow microfiltration, the high shear stress generated by a
rotating-disk is more  efficient in the mitigation of membrane
fouling. Because microalgae always exhibit extremely high
specific filtration resistance, using a rotating-disk filter to
reduce cake formation is an effective method of enhancing
the filtration flux.

A rotating-disk microfiltration module has been investi-
gated for the purification and separation of various products,
such as calcium carbonate (Bouzerar et al., 2000a,b), baker
yeast (Brou et al., 2002), oil-in-water emulsion (Li et al., 2009),
microalgae (Ríos et al., 2011; Hwang and Lin, 2014), and chicory
7.

claimed that hydrodynamic parameters in a rotating-disk
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Nomenclature

Ec specific energy (power consumption per unit
volume of received filtrate) (–)

k velocity coefficient (–)
P power consumption (kW)
Q inlet feed flow rate (L/h)
qs pseudo-steady filtration flux (m3/m2s)
r radial coordinate of analyzed system disk (m)
Rc filtration resistance of cake (1/m)
Rm filtration resistance of membrane (1/m)
t filtration time (s)
T torque (m2kg/s)
wc cake mass (kg/m2)
x Cartesian coordinate used in analyzed system

(m)
y Cartesian coordinate used in analyzed system

(m)
z Cartesian coordinate used in analyzed system

(m)

Greek letters
� local shear rate on the membrane surface (1/s)
�m mean shear rate on the membrane surface (1/s)
� fluid viscosity (kg/s m)
ω disk rotating speed (rpm)
�P transmembrane pressure (Pa)
� local shear stress on the membrane surface (Pa)
�m mean shear stress on the membrane surface

(Pa)
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odule, such as the transmembrane pressure, rotation speed,
uid viscosity, and solute concentration, are major factors
ffecting the permeate flux. An increase in the rotation speed
esults in a higher shear rate and higher filtration flux. The

aximum shear rate increased from 2.1 × 104 to 1.52 × 105 s−1

hen the rotation speed of smooth disk increased from 500
o 1500 rpm (Jaffrin et al., 2004). Jaffrin (2008) reviewed vari-
us dynamic shear-enhanced filtration systems that generate
embrane shear with the aid of rotating disks, vibrating disks,

nd vibrating membranes. The author noted that the flux
s mainly governed by the maximum shear rate and can be
ncreased to considerably high levels by increasing the rota-
ion speed or vibration amplitude or by equipping the disk
ith large vanes. Lee et al. (1995) found that the shear rate at

he membrane tip was as high as 1.2 × 105 s−1 at the maximum
isk rotation speed of 3450 rpm. Previous studies (Bouzerar
t al., 2000a,b; Brou et al., 2002; Jaffrin et al., 2004; Jaffrin,
012; Zhu et al., 2013) have also proposed that equipping a
otating disk with vanes is beneficial for eliminating or miti-
ating membrane fouling and producing high permeate flux.
owever, the filtration rate and power consumption depend
eavily on the structure of the rotating disk. The use of com-
utational fluid dynamics (CFD) for designing a highly efficient
otating-disk filtration module is an effective, economical, and
ime-saving approach.

CFD is a useful method for simulating the velocity and
hear stress distributions in a dynamic filtration system.
orras et al. (2006, 2009) used the commonly used CFD software
LUENT to simulate the pressure and shear stress distribu-

ions in the filter chamber for various rotation speeds and disk
adii. Torras et al. (2009) used a standard k-omega turbulence
model in the simulation for rotation speeds ranging from 300
to 20,000 rpm. The results were in agreement with previous
experimental data. Hwang and Lin (2014) designed a rotating-
disk filter chamber for microalgae concentration. The flow
fields in the filter were simulated using the FLUENT software.
The cake formation could be reasonably explained by the sim-
ulated shear stress distribution. An increase in the shear stress
by two orders of magnitude, which was achieved by increasing
the disk rotation speed, decreased the cake mass by 80% and
enhanced the filtration flux by approximately 10 times.

In this study, to design an efficient rotating-disk for
microalgae concentration, the distributions of fluid velocity
and shear stress were simulated using CFD. Once the mean
shear stress on the membrane surface was known, the cake
mass and filtration flux were estimated based on empirical
equations. The properties of microalgae cake were quoted
directly from our previous study (Hwang and Lin, 2014) in the
calculation. The optimal design of the rotating-disk was then
determined from the viewpoints of high filtration flux and low
power consumption.

2.  Analyzed  systems  and  numerical
methods

2.1.  Analyzed  systems

A schematic diagram of the rotating-disk dynamic microfilter
used in this study is shown in Fig. 1. Coordinates are also
shown for the purpose of describing fluid flow directions. A
rotating disk with a diameter of 145 mm was installed and
connected to a rotating shaft driven by a motor. A filter mem-
brane with a diameter of 155 mm was assembled on a porous
support at the bottom. The width of the gap between the
rotating disk and the membrane surface was 10 mm,  and the
diameters of the inlet and outlet conduits were both 10 mm.
The feed flowed into the filter chamber from the inlet conduit
near the top plate in the negative x-direction, the concentrate
flowed out from the outlet conduit, and the filtrate flowed
through the membrane and exited in the negative z-direction.

Six types of rotating disk were used, as shown in Fig. 2.
Types A1 and A2 were both circular disks, with the only dif-
ference between them being the gap width between the disk
and the membrane surface. The gap widths of Types A1 and A2
were 10 and 3 mm,  respectively. Types B1 and C were equipped
with two extra vanes with distinct shapes. The vanes of Type
B1 had a uniform rectangular cross section, and those of Type C
had a cross-sectional area that decreased in the outward direc-
tion from the disk center. The thickness, width, and length of
the vanes for the Type-B1 disk were 6, 6, and 67 mm,  respec-
tively. The Type-B2 disk had four vanes with a shape identical
to that of the Type-B1 disk. The Type-D disk had two  vanes
and two extra grooves; the vanes and grooves had the same
cross-sectional areas as those of the Type-B1 disk and were
arrayed in a staggered arrangement. The gap widths for these
disks were all the same, except for Type A2.

2.2.  Numerical  methods

The GAMBIT software was used to plot the analyzed system,
create the mesh for calculation, and set required boundary
conditions. In a pretreatment process before the calcula-
tion, the main body structure and 3D meshes were created

using unstructured hexahedral meshes. The total number of
meshes was approximately 1,060,000 for all structures. The
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g-d
Fig. 1 – The filter chamber of a rotatin

orthogonality of the grid lines, the aspect ratio, and the
connectivity of the grids were automatically checked after
mesh creation.

The fluid flow in the filter chamber was simulated using
a segregated, steady-state, 3D implicit numerical solver in
FLUENT Version 6.2. The governing equations were coupled

using the SIMPLE algorithm, and the renormalization group
k–ε model (RNG k–ε model) was employed for the turbulent

Fig. 2 – Schematic diagrams of diff
isk dynamic filter used in this study.

flow. The RNG k–ε model was a turbulence model derived from
the renormalization group theory (Yakhot and Orszag, 1986)
and used for solving instantaneous Navier–Stokes equations.
The two parameters in the model, turbulence kinetic energy
(k) and its rate of dissipation (ε), were obtained from two
transport equations. It is believed that the RNG k–ε model is

more  accurate and reliable than the standard k–ε model for a
wider class of swirl flows. The boundary conditions included

erent types of rotating-disks.
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Fig. 4 – Distributions of shear rate on the membrane
surface and fluid velocity on xz-plane at y = 0 for Type A1
rotating-disk at feed flow rates from 0 to 60 L/h.
peeds.

ne uniform velocity inlet and two constant-atmospheric-
ressure outlets, and the conditions of all solid walls were
et as nonslip. The convergence criteria were the residuals of
ontinuity and velocity being below 10−5.

.3.  Materials

 type of microalgae, chlorella sp., purchased from the Fisheries
esearch Institute, Council of Agriculture, Executive Yuan,
aiwan, was selected as a test sample. The microalgae cells
ad sizes ranging from 2 to 8 �m and a density of 1135 kg/m3.
he dispersion medium was liquid water, with a density of
98.2 kg/m3 and a viscosity of 1.003 × 10−3 Pa s. The microal-
ae suspension concentration was 3.25 g/L. A hydrophilic filter
embrane made of cellulose acetate ester and manufactured

y ADVANTEC Co., Japan, was used as filter medium. The nom-
nal mean pore size and filtration resistance of the membrane
ere 0.1 �m and 1.02 × 1011 m−1, respectively. In this study, the

xperimental data of cake properties, including cake mass and
pecific filtration resistance, and filtration flux were quoted
irectly from our previous study using the rotating-disk of
ype A1 (Hwang and Lin, 2014).

.  Results  and  discussion

ig. 3 shows a comparison of the mean shear rates at the
embrane surface between the values calculated using the

mpirical equation of Bouzerar et al. (2000a) with distinct
mpirical coefficients k and those obtained from simulations
n the current study for various disk rotation speeds. The pres-
ure at the filtrate exit and the feed flow rate were set as
00 kPa and 30.819 L/h, respectively. The coefficient k depends
trongly on the disk geometry. According to published results
Bouzerar et al., 2000a,b; Jaffrin et al., 2004; Luo et al., 2013),
he k value ranges from 0.30 to 0.45 for a plane disk, is exactly
qual to 0.45 for a smooth disk, and is 0.84 for a disk with
anes. Because it is a function of disk geometry and cannot
e obtained directly from theoretical derivations, it is bet-
er to determine by data fitting using the empirical equation
roposed by Bouzerar et al. (2000a). Comparing the values of
ean shear rates calculated using the empirical equation of
ouzerar et al. (2000a) with two k values with the simulation
esults of this study, the simulation results of this study were
in agreement with the results of Bouzerar et al. (2000a) when
k was set as 0.38, as shown in Fig. 3. The mean shear rate
increased with the rotation speed because the fluid velocity
profile near the membrane surface was steep. The mean shear
rate obtained in this study ranged from 0 to 80,000 s−1, which
is similar to the values of Bouzerar et al. (2000a) under similar
operating conditions. Thus, the method used in this study is
reliable.

Fig. 4 shows the shear rate distribution on the membrane
surface and the fluid velocity distribution in the xz-plane at
y = 0 for the Type-A1 rotating disk for various feed flow rates.
The pressure at the exits and the rotation speed were set to
100 kPa and 500 rpm, respectively. The fluid velocity in the fil-
ter chamber ranged from 0 to 4.8 m/s  under these conditions.
The fluid velocity was relatively high in regions near the sur-
face of the rotating disk or in the inlet and outlet conduits,
and it increased with the radial position because of the higher
tangential velocity associated with a rotating disk. The high-
est velocity was observed near the rim of the rotating disk. By
contrast, a low velocity was observed near the disk center. Fur-
thermore, the shear rate increased with the radial coordinate
because of a large velocity gradient in the gap between disk
and the membrane surface. An asymmetrical shear rate dis-
tribution is observed on the membrane surface in Fig. 4, and
similar results were obtained in a recent study of the present
authors for a similar design (Hwang and Lin, 2014). The out-
let conduit was closer to the membrane surface than the inlet,
which resulted in a higher shear rate on the membrane surface
near the outlet.

Fig. 5 shows the effects of the feed flow rate and rotation
speed on the mean shear rate at the membrane surface for disk
A1. An increase in the rotation speed leads to a higher mean
shear rate, and this effect is more  dominant at high rotation
speeds. This is attributed to the steep velocity profile between
the rotating disk and the membrane surface. By contrast, the
feed flow rate exerts a small effect on the mean shear rate. This
effect is negligible compared with that of the rotation speed.

Once the velocity profile is simulated using CFD, the shear
rate on the membrane surface, which is the most crucial fac-
tor affecting cake formation, can be estimated. Fig. 6 shows
the shear rate distributions on the membrane surface at y = 0
and z = 0 plane of the Type-A1 rotating disk for various rota-
tion speeds from 1000 to 3000 rpm and a feed flow rate of
30.819 L/h. The outlet pressure was set to 100 kPa. The shear
rate was approximately 0 at the center, increased toward the

chamber walls (the maximum values were observed near the
rim of the rotating disk), and then decreased drastically near
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filtration flux and mean cake mass for Type A1 rotating
four rotating speeds of Type A1 rotating disk.

the wall regions because of the no-slip condition on the wall.
This trend can be explained reasonably from the fluid veloc-
ity profiles in Fig. 4. The shear rate distributions were slightly
asymmetric because of the locations of the feed inlet and con-
centrate outlet. The shear rate near the feed inlet was lower
than that at the concentrate outlet because the feed inlet was
located at a higher level. A comparison of the curves in Fig. 6
indicates that an increase in the disk rotation speed leads to a
higher shear rate, which is expected because of the consider-
able fluid velocity variation between the rotating disk and the
membrane surface.

Fig. 7 shows the effect of the mean shear stress acting on
the membrane surface on the cake mass and pseudosteady
filtration flux for the Type-A1 rotating disk. The pressure exits
and inlet feed flow rate were set to 100 kPa and 30.819 L/h,
respectively. The mean shear stress was calculated from the
CFD simulation data. The experimental data on the mean
cake mass and filtration flux were obtained from Hwang
and Lin (2014), who used a similar filter. The data on the
cake mass versus shear stress relationship were regressed
to a power relationship, as shown in Fig. 7. An increase in

the shear stress leads to smaller cake mass because of the
more  significant sweeping effect occurring at the membrane
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Fig. 6 – Shear rate distributions on membrane surface at
y = 0 for Type A1 rotating-disk at disk rotating speeds from
1000 to 3000 rpm.
disk filter at Q = 30.819 L/h and �P = 100 kPa.

surface. The relationship between the mean shear stress and
the cake mass can be expressed as

ln wc = −0.44 ln �m − 6.24 (1)

The cake mass can decrease to one-twentieth of the orig-
inal cake mass as the shear stress increases from 0 to 100 Pa.
Furthermore, the pseudosteady filtration flux can be calcu-
lated using the basic filtration equation once the mean cake
mass is known. The basic filtration equation based on the
resistance-in-series model can be expressed as

q = �P

�(Rc + Rm)
= �P

�(wc · ˛av + Rm)
(2)

where q is the filtration flux, �P is the transmembrane
pressure, � is the fluid viscosity, and Rc and Rm are the
filtration resistances associated with cake formation and a
clean membrane, respectively. The average specific cake fil-
tration resistance ˛av of microalgae is a power function of the
transmembrane pressure, and the cake compressibility is 0.66
(Hwang and Lin, 2014). The calculated values of the filtration
flux under various conditions are also shown as a curve in
Fig. 7. A lighter cake formed under higher shear stress results
in a higher filtration flux. The data shown in Fig. 7 also indi-
cate that the cake mass and filtration flux can be estimated
directly from the shear stress at the membrane surface.

Membrane fouling can be mitigated by inducing high shear
stress on the membrane surface, which enhances the filtration
flux. However, generating higher shear stress by increasing the
disk rotation speed always involves more  energy consumption
as well as higher operation costs. The power required to drive
a rotating disk can be estimated as

P = Tω (3)

where T is the torque. The torque of a rotating disk can be
calculated as

T =
2	∫

0

R∫

0

(−�z
r)
∣∣
z=H

rdrd
 (4)
where H is the gap width between the rotating disk and the
membrane surface. Fig. 8 shows the power consumption and



chemical engineering research and design 9 4 ( 2 0 1 5 ) 44–51 49

0 100 0 200 0 3000

ω (rpm)

0.0x10
0

4.0x10
-3

8.0x10
-3

1.2x1 0
-2

1.6x1 0
-2

P
 (

k
W

)

8.0x10
-5

1.0x10
-4

1.2x10
-4

1.4x10
-4

q
s
 (

m
3
/m

2
s
)

Type A1 rotat ing- disk

ΔP=100  kPa Q=30 .819  L/h

Powe r

Flux

Fig. 8 – Effects of disk rotating speed on the power
consumption and pseudo-steady filtration flux for Type A1
rotating disk filter at Q = 30.819 L/h and �P = 100 kPa.

p
t
s
s
t
fl
f
s
fi
r
w
t
r
d
p

v
h
s
f
T
a

and inlet feed flow rate were set to 100 kPa and 30.819 L/h,
seudosteady filtration fluxes for various rotation speeds of
he Type-A1 rotating disk. Although increasing the rotation
peed leads to higher filtration flux because of higher shear
tress acting on the membrane surface, the power consump-
ion increases dramatically. A 36% increase in the filtration
ux can be achieved by increasing the disk rotation speed

rom 150 to 3000 rpm. However, increasing the disk rotation
peed to such a range requires 15 W of additional power. The
ltration flux was markedly enhanced by increasing the disk
otation speed as ω < 1000 rpm. When the disk rotation speed
as higher, the increase in the filtration flux was small, and

he power consumption increases drastically with the disk
otation speed. Therefore, it is more  effective to operate the
isk at a rotation speed lower than 1000 rpm from the view-
oint of saving energy.

The shear stresses at the membrane surface generated by
arious types of rotating disk were simulated to determine
ow the disk structure affects the filtration performance. Fig. 9
hows the shear stress distributions at the membrane sur-
ace for various rotating disks at a rotation speed of 3000 rpm.

he pressure exits and inlet feed flow rate were set to 100 kPa
nd 30.819 L/h, respectively; and the disks were set to rotate

Fig. 9 – Shear stress distributions at the membrane surface f
counterclockwise. Type-A1 and Type-A2 rotating disks had no
vanes, whereas Type B, Type C, and Type D were equipped
with distinct numbers of vanes. The scale shown on the left
indicates that the shear stress ranged from 0 (marked in
navy blue) to 810 Pa (marked in bright red). The shear stress
increased with the radial coordinate because of an increase in
the tangential velocity of the rotating disk, and it reached the
maximum values near the disk rim and just behind the vanes.
Comparing the results for rotating disks with no vanes (Types
A1 and A2), the shear stress can apparently be increased by
reducing the gap width between the disk and the membrane.
However, the magnitudes of shear stress were far smaller
than those generated by disks equipped with vanes. In the
presence of vanes, the distribution of shear stress was rela-
tively asymmetrical; the influence of the inlet and outlet flows
was negligible. A comparison of the results for Types B1 and
B2 indicates that increasing the vane number can effectively
improve the shear stress acting on the membrane surface, par-
ticularly in regions near the disk rim. The Type-D disk had a
staggered arrangement of two convex vanes and two  concave
grooves. The shear stress generated by this disk was much
lower than that generated by Type B2, and it was similar to
but a little larger than that generated by Type B1. This obser-
vation implies that a groove can result in somewhat flowing
turbulence, but generates shear stresses much smaller than
those generated by a vane on the membrane surface. The
two vanes on the Type-C rotating disk had cross-sectional
areas decreasing in the radial direction; this caused the gap
width between the vane edges and the membrane surface
to increase. Consequently, the shear stress generated by the
Type-C disk was smaller than that generated by the Type-B1
disk, although both had the same number of vanes. The shear
stress was more  uniformly distributed on the membrane sur-
face for the Type-C rotating disk. Comparing all simulation
results shown in Fig. 9, the shear stress can be observed to be
the highest for Type B2 and the lowest for Type A1.

Fig. 10 shows a comparison of the power consumption and
pseudosteady filtration flux among various types of rotating-
disk filter at a rotation speed of 3000 rpm. The pressure exits
respectively. The power consumption and filtration flux were

or different types of rotating-disks under ω = 3000 rpm.
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Fig. 10 – The power consumptions and pseudo-steady
filtration fluxes for different types of rotating-disk filters at
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Fig. 12 – Comparisons of the relative specific energy among
different types of rotating-disk filters at three disk rotating
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Q = 30.819 L/h and �P = 100 kPa.

strongly influenced by the rotating-disk structure. Equipping
the disks with vanes or reducing the gap width between the
disk and the membrane effectively enhanced the shear stress
and improved the filtration flux. However, no significant dif-
ference in filtration flux was observed among disks equipped
with vanes. This is because the cake mitigation effect becomes
considerably small when the shear stress exceeds a certain
value, as shown in Fig. 7. Furthermore, the power consumption
was higher for rotating disks with vanes. A comparison of the
Type-B1 and Type-B2 disks showed that the power consump-
tion increased with the number of vanes. Both the Type-D
and Type-B1 disks required nearly the same power. These
two rotating disks also showed similar filtration performance.
It is interesting that the Type-C disk showed lower power
consumption compared with the other disks with vanes; the
power consumption was only a half of that for Type B2 and
three-fourths that for Type B1 and D.

Fig. 11 shows a comparison of the flux increase percentage
on the basis of Type A1 between the various types of rotat-
ing disk for three distinct rotation speeds of 150, 500, and
3000 rpm. The pressure exits and inlet feed flow rate were

set to 100 kPa and 30.819 L/h, respectively. Decreasing the gap
width between the rotating disk and the membrane surface
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Fig. 11 – Comparisons of the flux increase rate among
different types of rotating-disk filters at three disk rotating
speeds, 150,500 and 3000 rpm (on the basis of Type A1).
(e.g., Type A2, is beneficial for flux improvement, particularly
at higher rotation speeds). The filtration flux increased by 1.1%
at ω = 150 rpm and by 3.9% at 3000 rpm. Equipping the rotat-
ing disk with vanes (Types B1, B2, C, and D) can enhance the
filtration flux. This effect is more  dominant for lower disk
rotation speeds, except for Type C. The flux increase for the
Type-C rotating disk was approximately 5% for various rota-
tion speeds. The use of the Type-B2 disk results in the highest
flux increase, 7.1% at a rotation speed of 150 rpm, because
of the presence of several vanes. Unlike the filtration flux
trend obtained for high disk rotation speeds, the flux differ-
ence among various rotating-disk types at a low rotation speed
was more  significant. The filtration flux sequence produced
by the rotating disks at a rotation speed of 150 rpm was Type
B2 > D > B1 > C > A2 > A1.

The specific energy is defined as the power consumption
per unit volume of the received filtrate (Luo et al., 2010). Fig. 12
shows a comparison of the relative specific energy between
the various types of filter and based on the data of Type
A1, at three distinct disk rotation speeds. The pressure exits
and inlet feed flow rate were set to 100 kPa and 30.819 L/h,
respectively. All rotating disks exhibited higher specific energy
compared with Type A1. The data revealed that the power con-
sumption for obtaining a unit volume of filtrate was higher at
higher rotation speeds. The specific energy increased with the
rotation speed. Comparing the data on the specific energy of
the rotating disks equipped with vanes for a given rotation
speed, the Type-B2 disk showed the highest specific energy,
Types B1 and D showed similar behavior, Type C showed a
lower specific energy, and Type A2 showed the lowest value.
Comparing the results shown in Figs. 8–12, the Type-A2 and
Type-C rotating disks showed the optimal designs for microal-
gae concentration because they resulted in relatively high
filtration fluxes and showed low power consumption.

4.  Conclusion

The distribution of fluid velocity and shear stress acting on
the membrane surface were simulated using the FLUENT

software. The fluid velocity increased with the radial position
because of the high tangential velocity associated with a
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n the disk rotation speed resulted in higher filtration flux,
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ower than 1000 rpm for microalgae concentration from the
iewpoint of saving energy.

The power consumption and filtration flux were deter-
ined mainly by the rotating-disk structure, except for the

otation speed. Equipping the disk with vanes or reducing
he gap width between the disk and membrane were effec-
ive in enhancing the shear stress as well as in improving
he filtration flux. The Type-C disk required the lowest power
onsumption compared with the other disks with vanes, only
alf of the power required by Type B2 and three-fourth of that
equired by Types B1 and D. The filtration flux amount pro-
uced by the rotating disks at a rotation speed of 150 rpm
as in the order Type B2 > D > B1 > C > A2 > A1. A comparison
f the results for various rotating disks showed that Type-
2 and Type-C rotating disks had the optimal designs for
icroalgae concentration because they resulted in relatively

igh filtration fluxes and showed low power consumptions.
n conclusion, this study provided an effective method for
he design and optimized operation of rotating-disk dynamic
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