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Abstract: Reinfusion of shed blood during surgery could
avoid the need for blood transfusions. Prior to reinfusion
of the red blood cells, the shed blood must be washed in
order to remove leukocytes, platelets, and other contami-
nants. Further, the hematocrit of the washed blood must
be increased. The feasibility of using computational fluid
dynamics (CFD) to guide the design of better centrifuges
for processing shed blood is explored here. The velocity
field within a centrifuge bowl and the rate of protein
removal from the shed blood has been studied. The results

obtained indicate that CFD could help screen preliminary
centrifuge bowl designs, thus reducing the number of initial
experimental tests required when developing new centri-
fuge bowls. Although the focus of this work is on washing
shed blood, the methods developed here are applicable to
the design of centrifuge bowls for other blood-processing
applications. Key Words: Centrifugal cells washers—
Computational fluid dynamics—Blood—Velocity field—
Protein removal.

Centrifuges are widely used to process human
blood. Whole blood is routinely fractionated by cen-
trifugation into components such as plasma, red
blood cells, platelets, and leukocytes. The name given
to the centrifugation-based separation depends on
the specific application. Therapeutic apheresis is used
for the treatment of a variety of diseases and disor-
ders characterized by the presence of abnormal pro-
teins or blood cells in the circulation, which are
believed to be involved in the propagation of that
condition (1). When the blood component to be
treated is the plasma, the apheresis technique is
termed plasmapheresis. Plasmapheresis is used in the
treatment of a number of diseases such as Walden-
strom’s syndrome, glomerulonephritis, and myasthe-
nia gravis. When the component of the blood to be
treated is cellular, the process is termed cytapheresis.
Examples of cytapheresis techniques include treat-
ment of diseases such as leukemia (cytapheresis, used
to remove leukocytes) and sickle cell anemia (eryth-
rocytapheresis, used to remove red blood cells) (2).
In all of these apheresis techniques, the fractionation

of blood into its basic components is frequently
achieved by centrifugation.

Today, blood-banking practice is moving away
from the transfusion of whole blood (3). Donated
blood is first separated into relatively pure fractions.
Plastic bag systems are available, which enable the
preparation by centrifugation of units of red blood
cell concentrates, platelets, and plasma from whole
blood in a closed system thus, avoiding the possibility
of contamination. Further, donor apheresis tech-
niques, such as donor plasmapheresis, are also used
to collect only the desired components from the
donor. Thus, centrifugation is frequently used in
blood banks for blood processing.

Due to the risk of hemolytic reactions, immune
responses, and the transmission of blood-borne
pathogens, there is a great need to minimize the
number of transfusions required during major sur-
gery. Frequently, the patient’s own blood (shed
blood) is collected during surgery, processed, and
reinfused thus, minimizing the requirements for
transfusion of red blood cells (4–7). Because irriga-
tion fluids are used during surgery, the shed blood
has a very low hematocrit. Leukocytes and platelets
are often activated in shed blood, thus it is undesir-
able to reinfuse them. Processing shed blood
involves centrifugation to concentrate and purify the
red blood cells present.



CFD SIMULATION OF BLOOD CENTRIFUGES 1027

Artif Organs, Vol. 28, No. 11, 2004

Designing optimized centrifuges for blood pro-
cessing is a complicated process. Here, we consider
the use of computational fluid dynamics (CFD) as a
tool for designing centrifuges. We focus on centri-
fuges for processing shed blood. An optimized cen-
trifuge is one that maximizes the recovery of highly
purified concentrated red blood cells. Further, it is
desirable that small volumes (about 100 mL) of shed
blood be processed as quickly as possible for rapid
reinfusion. The CFD analysis developed here may be
used as a tool when designing centrifuges for other
blood-processing applications.

Previous studies have investigated the use of CFD
as a design tool for biomedical devices. For example,
CFD models have been used in the development of
new blood oxygenator designs by several researchers
(8–10). These investigators found that CFD models
could help guide new blood oxygenator designs.

Numerous studies have considered the design of
blood pumps. Miyazoe et al. (11,12) and Tsukamoto
et al. (13) investigated the use of CFD as a design
tool for centrifugal blood pumps. They found that a
three-dimensional CFD model was a useful design
tool when combined with flow visualization results
and hemolysis tests. Apel et al. (14) quantified shear-
induced hemolysis in a microaxial blood pump using
CFD. They found that CFD was a convenient design
tool for the general assessment of shear-induced
hemolysis. Burgreen et al. (15) present a detailed
assessment of the value of CFD in the design of a
rotary blood pump. The blood-contacting surfaces of
the pump were designed based on their CFD ana-
lysis. They found that their CFD model eliminated
the need to build a prototype after each geometric
refinement, resulting in savings of time and money.

We have developed and applied an axisymmetric
CFD model of the centrifuge bowl used in the COBE
BRAT 2 (COBE Cardiovascular, Arvada, CO,
U.S.A.). The CFD model is used to compute the liq-
uid velocity and pressure fields in the bowl and the
removal of plasma proteins from the shed blood as
functions of the inlet fluid flow rate and centrifuga-
tion rate.

MATERIALS AND METHODS

The COBE BRAT 2 is an autologous transfusion
system that is designed to provide washed red blood
cells. The key component of the BRAT 2 is the cen-
trifuge bowl known as a Baylor Bowl (16). Figure 1
is a photograph of the centrifuge bowl while Fig. 2
shows cross-sectional and plane views. Blood enters
via a central inlet tube and flows to the bottom of the
bowl. Next, the blood is forced radially along the

bottom toward the outer wall of the bowl. As shown
in Fig. 2, the blood flows around a fin that protrudes
from the bottom of the inside spacer. The blood then
flows upward between the inside spacer and the
outer casing to the outlet located at the top of the
centrifuge  bowl.  The  outer  casing  of  the  bowl  and
the inside spacer are connected and rotate at approx-
imately 4400 rpm. The densities of the cellular blood
components are: 1090–1100 kg/m3 for red blood cells;
1050–1085 kg/m3 for leukocytes; and 1040–1060 kg/
m3 for platelets (17–19). Consequently, the red blood
cells deposit on the outer wall of the centrifuge bowl
while the leukocytes and platelets tend to deposit on
top of the red blood cells. The plasma flows upward
between the deposited cells and the inside spacer
toward the exit located at the top of the bowl. Blood
to be processed is loaded into the centrifuge bowl
until the red blood cells are detected by a sensor
located at the top of the bowl. Next, wash solution is
added. The aim of the washing process is to remove
plasma proteins and to ensure minimal contaminant
of the deposited red blood cells by trapped leuko-
cytes and platelets. The bottom edge of the inside
spacer contains the fin (see Fig. 2). The fin ensures
that the wash solution is forced through the depos-
ited red blood cells, thus enhancing the removal of
plasma proteins and trapped leukocytes and plate-
lets. Finally, the red blood cells are concentrated. The
processed red blood cells are discharged by reversing
the direction of liquid flow. A CFD model of the
centrifuge bowl was developed to determine the liq-
uid flow field within the bowl and the rate of removal
of plasma proteins.

CFD MODEL

The continuity and Navier–Stokes equations for an
incompressible liquid are used in this study,

FIG. 1. Centrifuge bowl modeled in this study.



1028 B.E. KELLET ET AL.

Artif Organs, Vol. 28, No. 11, 2004

(1)

(2)

where V is the velocity, r is the liquid density, P is
the pressure, t is the time, g is the gravitational con-
stant, and m is the liquid viscosity. Cylindrical coor-
dinates (r, q, z) are used. Although there is an
appreciable velocity component in the q direction
due to the axisymmetric geometry of the centrifuge
bowl (see Fig. 2), velocity and pressure are indepen-
dent of this coordinate. At all liquid solid interfaces,
the Navier no-slip boundary condition is assumed. In
addition, a flat inlet velocity profile is used as a
boundary condition because numerical experiments
showed that the velocity profile was fully developed
at the fin tip, regardless of the specific inlet condition.

A model of the bowl was built using ProEngineer
(Parametric Technology Corporation, MA, U.S.A.).
The model was converted to an initial graphics
exchange specification (IGES) format and then
imported into a preprocessor called Gambit (Fluent,
Lebanon, NH, U.S.A.). Within Gambit, the flow
domain was discretized into cells. The resulting
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meshed geometry contained over 43 000 cells. It was
found that using a smaller number of cells (a coarser
mesh) led to a grid-dependent solution. Figure 3
shows the meshed flow domain. The meshed flow
domain was then imported into Fluent (Fluent, Leb-
anon, NH, U.S.A.).

Two simulations were carried out. In the first sim-
ulation, water flowed through a centrifuge bowl spin-
ning at 4400 rpm. This simulation gives the velocity
field within the centrifuge bowl. In the second simu-
lation, it was assumed that the bowl was filled with
blood. The washing process, using saline, was then
simulated. This simulation gives the rate of protein
removal. For both simulations, it was assumed that
the inlet fluid velocity profile was flat (i.e., plug flow).
A liquid flow rate of 200 mL/min was used as this is
typical of the values encountered in practice. The no-
slip boundary condition for all tangential velocities
was applied at all solid liquid interfaces. The density
and viscosity of the liquid (water and saline) was
assumed to be that of water at 25∞C: 998 kg/m3 and
0.001 Pa s, respectively. Because the first simulation
gives the steady state velocity field in the bowl, it is
time-independent. The second simulation gives the
change of protein concentration within the bowl as a
function of time for a 5-minute washing cycle.

In addition, for the second simulation, it was
assumed that the bowl was filled with liquid. The inlet
hematocrit was taken as 10%, a typical value in prac-
tice. The plasma proteins were modeled using
albumin. The diffusivity of albumin was taken as
1 ¥ 10-11 m2/s, which was calculated from the
Einstein–Stokes equation (20) at the experimental

FIG. 3. Part of the meshed section of the bowl and locations of
radial and axial velocity profiles.
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FIG. 2. Cross-sectional and plane view of centrifuge bowl.
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conditions. The inlet protein concentration was 174 g/
L in the plasma. Finally, it was necessary to model-
flow through the region of deposited red blood cells.
This was achieved using the porous flow model,
based on Darcy’s law, built into the Fluent software.
Because the commercial Fluent software used here
cannot account for the deformability of red blood
cells, the deposited red blood cells were assumed to
consist of rigid particles. Clinical data indicate that
the pressure drop for flow through the bowl is
between 6.89 and 13.8 kPa (1–2 psi). If a porosity of
20% is assumed for the deposited red blood cells, a
pressure drop of 10.3 kPa (1.5 psi) is obtained. Fur-
ther, by defining a porosity for the layer for deposited
cells, the thickness of the deposited layer is specified
because the inlet hematocrit of the blood was 10%.
Thus, the deposited layer of red blood cells was mod-
elled as a region of 20% porosity such that the resis-
tance to liquid flow was the same as observed in
practice. In this study, the presence and the removal
of leukocytes and platelets were ignored.

RESULTS

CFD simulation results were obtained for the
velocity field within the bowl and the rate of protein
removal.

Simulation 1 velocity field within the bowl
From Fig. 3, it can be seen that large changes in

liquid velocity occur near the fin as the direction of
liquid flow changes from radial to axial. Conse-
quently, velocity and pressure profiles were obtained
at various locations near the tip of the fin as well as

at various axial locations shown in Fig. 3. At location
1, the fluid is flowing along the bottom of the bowl
toward the outer edge of the bowl. The correspond-
ing velocity and total pressure profiles are given in
Figs. 4 and 5, respectively. Figure 4 indicates the
existence of two flow channels, one near each solid
surface. At the surface of the flow channel, the liquid
velocity is zero because the Navier no-slip boundary
condition was assumed. Figure 5 shows that a large
pressure gradient exists very close to the upper and
lower surfaces of the flow channel. This is due to the
large velocity gradient that exists in the two flow
channels (see Fig. 4). Because the inlet fluid velocity
profile was assumed to be flat, the observed radial
velocity field develops over a very short distance.
Importantly, the velocity near the center of the flow
channel is close to zero.

Axial velocity and total pressure profiles at various
locations marked 2–4 in Fig. 3 are given in Figs. 6 and
7, respectively. Near the fin (location 2), a single axial
flow channel exists next to the outer surface of the
fin. The velocity in this channel starts to decrease as
one moves along the axis of the bowl toward the top
of the bowl. However, two additional flow channels
develop as one moves toward the top of the bowl
(locations 3 and 4): one near the inner surface of the
bowl and one in between the other two flow channels.
Regions of negative (downward) velocity also exist.
The location of the first negative velocity is near the
tip of the fin at a radial distance a little greater than
the  outermost  flow  channel.  The  magnitude  of
the negative velocity in this flow channel rapidly
decreases as one moves toward the top of the bowl.
Two other regions of negative velocity occur on
either side of the centrally located flow channel at
locations 3 and 4 (Fig. 3). The existence of these
regions of negative velocity indicates that there isFIG. 4. Velocity profile at location 1 (see Fig. 3) in simulation 1.

FIG. 5. Pressure profile at location 1 (see Fig. 3) in simulation 1.
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recirculation of liquid within the bowl. Figure 6 also
indicates that most of the fluid between the outer
surface of the bowl and the outermost negative flow
channel is stagnant. At the outer and inner surfaces
of the bowl, the liquid velocity is zero as enforced by
the Navier no-slip boundary condition.

The corresponding total pressure profiles given in
Fig. 7 indicate that the total pressure varies approxi-
mately linearly with radial position. By comparing

Figs. 5 and 7, it can be seen that the variation of the
total pressure at each axial location (locations 2, 3,
and 4 in Fig. 3) is much greater than the variation of
total pressure across the radial location (location 1 in
Fig. 3). Consequently, slight variations in the total
pressure due to the axial liquid velocity are not
observed. In Fig. 5 on the other hand, the variation
in total pressure is less than 3000 Pa, consequently
variations due to radial liquid flow are clearly visible.

Simulation 2 protein removal
The second simulation assumes that the bowl is

fully loaded and that cell washing has begun. Conse-
quently, there is a layer of deposited red blood cells
at the outer surface of the bowl. Velocity and pres-
sure profiles were determined at the same locations
as the first simulation (see Fig. 3). The radial velocity
and total pressure variations at location 1 are given
in Figs. 8 and 9, respectively. By comparing Figs. 4

FIG. 6. Velocity profile at locations 2, 3, and 4 (see Fig. 3) in
simulation 1. The inner surface of the casing and surface of the
inner spacer define the region occupied by the blood. The inner
surface of the casing and the surface of the inner spacer have a
radial position of 6.55 and 5.675 cm, respectively, while the outer
surface of the fin has a radial position of 6.025 cm.

FIG. 7. Pressure profile at locations 2, 3, and 4 (see Fig. 3) in
simulation 1. The inner surface of the casing and surface of the
inner spacer define the region occupied by the blood. The inner
surface of the casing and the surface of the inner spacer have a
radial position of 6.55 and 5.675 cm, respectively, while the outer
surface of the fin has a radial position of 6.025 cm.

FIG. 8. Velocity profile at location 1 (see Fig. 3) in simulation 2.

FIG. 9. Pressure profile at location 1 (see Fig. 3) in simulation 2.
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and 8, it can be seen that qualitatively, the figures are
similar. However, the presence of a layer of depos-
ited red blood cells in the centrifuge bowl results in
the radial velocity in the two flow channels being
approximately the same, unlike in Fig. 4. By compar-
ing Figs. 5 and 9, it can be seen that the presence of
deposited red blood cells changes the pressure pro-
file. The total pressure is higher at all points.

Axial velocity and total pressure profiles at various
locations marked 2–4 in Fig. 3 are given in Figs. 10

and 11, respectively. The axial velocity fields given in
Fig. 10 are quite different to those in Fig. 6. The flow
channel near the outer edge of the fin is now within
the deposited red blood cells. Consequently, it disap-
pears very quickly as one move toward the top of the
bowl. Two other flow channels develop: one near the
inner wall of the bowl and one at the cell–liquid
interface. In between the two flow channels, there is
a region of negative velocity indicating recirculation
of the fluid. By comparing Figs. 6 and 10, it is seen
that the degree of recirculation is greater in Fig. 10.
The liquid appears to be stagnant within the region
of deposited red blood cells.

By comparing Figs. 7 and 11, it can be seen that the
corresponding pressure profiles are similar. At loca-
tion 2, a flow through the region of deposited red
blood cells causes a deviation in the approximately
linear pressure variation with radial position.

The variation of albumin concentration after 5 min
is given in Fig. 12. As can be seen, the albumin
present in the plasma has been completely removed.
However, the removal of albumin in the layer of
deposited red blood cells is incomplete. The CFD
software treats the region of deposited red blood
cells as a region of increased resistance to liquid flow.

FIG. 10. Velocity profile at locations 2, 3, and 4 (see Fig. 3) in
simulation 2. The inner surface of the casing and surface of the
inner spacer define the region occupied by the blood. The inner
surface of the casing and the surface of the inner spacer have a
radial position of 6.55 and 5.675 cm, respectively, while the outer
surface of the fin has a radial position of 6.025 cm.

FIG. 11. Pressure profile at locations 2, 3, and 4 (see Fig. 3) in
simulation 2. The inner surface of the casing and surface of the
inner spacer define the region occupied by the blood. The inner
surface of the casing and the surface of the inner spacer have a
radial position of 6.55 and 5.675 cm, respectively, while the outer
surface of the fin has a radial position of 6.025 cm.

FIG. 12. Mass fraction of albumin in bowl after 5-min washing.
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However, the software does not account for the fact
that 20% porosity implies that 80% by volume of the
region of deposited red blood cells is not available
for plasma, and therefore albumin. Rather, the soft-
ware assumes that the entire volume may be occu-
pied by the plasma; however, the resistance to flow
is much higher, as specified by a porosity of 20%.
Therefore, the current CFD model describes the
removal of albumin qualitatively. Nevertheless, the
model may be used empirically to obtain a semiquan-
titative prediction of the level of albumin removal as
described in the next section.

DISCUSSION

During centrifugation, the contents of the bowl
migrate to the outer wall. As liquid enters from the
bottom of the bowl, it has to pass around the fin (see
Fig. 2) before it can flow upward, parallel to the axis
of rotation, and exit the bowl. In both simulations,
a liquid flow rate of 200 mL/min was assumed.
Figures 4 and 8 indicate the existence of two flow
channels as the liquid flows along the bottom of the
bowl. The existence of the upper flow channel next
to the upper surface of the bowl (axial position of
0.05 cm, Fig. 4) is easy to explain. When the fluid
reaches the fin, it starts to move upward, parallel to
the axis of rotation. Thus, this flow channel repre-
sents the path of least resistance for liquid flow.

The flow channel at the lower surface of the bowl
(axial position of 0.21 cm, Fig. 4) is more difficult to
explain. It results from the diffusion of axial momen-
tum. At the tip of the fin, as fluid moves upward along
the axis of rotation, the fluid below it will be at a
slightly higher pressure. This causes the fluid a little
below to also move upward. This repeats itself all the
way to the bottom surface of the centrifuge. How-
ever, because fluid is entering from the left (see
Fig. 3), this leads to the creation of a second flow
channel at the bottom surface of the bowl. Figures 4
and 8 indicate that, aside from these two flow chan-
nels, there is little fluid motion. As a consequence of
the centrifugal force on the fluid at the outer surface
of the bowl, fluid that is closer to the axis (which
experiences a lower centrifugal force) is prevented
from displacing it. Thus, there is a net resistance of
fluid flow along the bottom channel, resulting in the
fluid flow being restricted to two flow channels.

By comparing Figs. 4 and 8, it can be seen that the
actual values of liquid velocities in the two flow chan-
nels are different in the two simulations at the same
volumetric liquid flow rate. These differences are
caused by the fact that in the second simulation, the
liquid in both flow channels must flow through a

region of deposited red blood cells. The correspond-
ing pressure profiles, Figs. 5 and 9 are similar but also
indicate the effect of the deposited red blood cells.
Figure 9 shows that the presence of red blood cells
leads to a higher overall pressure.

Figures 6 and 10 give the axial velocity as a func-
tion of radial position for the two simulations at posi-
tions 2–4 (see Fig. 3). Both figures show a rather large
initial axial velocity at a radial position correspond-
ing to the outer surface of the tip. This represents the
liquid as it flows around the fin. However, the axial
velocity in this flow channel decreases with increas-
ing axial position (from the bottom of the bowl). Due
to the centrifugal force, the resistance to axial flow is
least at the surface of the inside spacer (lowest cen-
trifugal force). Thus, as axial velocity in the initial
axial flow channel decreases, new flow channels
develop closer to the surface of the inside spacer. The
changes in axial velocity in the various flow channels
are more dramatic in Fig. 10. The reason is that the
initial flow channel in this case lies completely inside
the layer of deposited red blood cells, thus the resis-
tance to axial flow is significantly higher compared to
the first simulation. Figures 6 and 10 indicate regions
of negative velocity indicating the existence of recir-
culation. This is significant because recirculation will
compromise the efficiency of protein removal, which
is an important design consideration. The corre-
sponding pressure profiles indicate a rapid increase
in pressure at the outer wall of the bowl. Further,
variations in pressure due to axial fluid motion are
masked by the strong dependence of the pressure on
radial position due to the centrifugal force.

Figures 7 and 11 show the pressure profile for the
two simulations at locations 2, 3, and 4 as a function
of radial position (see Fig. 3). Both figures show that,
as distance from the axis of rotation increases, the
total pressure increases approximately linearly. The
total pressure is the sum of static pressure and
dynamic pressure due to the axial and angular veloc-
ity of the fluid. For a given axial location (2, 3, or 4),
the static pressure is constant. Because the largest
axial velocity is less than 7 cm/s (see Fig. 6) while the
angular velocity is about 4400 rpm, the total pressure
will be dominated by the dynamic pressure due to
the angular velocity of the fluid. Consequently the
pressure gradient is given by,

(3)

where w is the angular velocity and r is the distance
from axis of rotation. Integrating the above equation,

(4)

dP
dr

r= rw2

P r c= +
1
2

2 2
1rw
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where c1 is an constant of integration.
The total pressure varies with the square of the

radial position. However, because the radial dis-
tances given in Figs. 7 and 11 are small, 5.7–6.6 cm,
the variation of total pressure with radial position
appears linear.

The removal of albumin is shown qualitatively in
Fig. 12. As can be seen, a saline front develops in the
deposited red blood cells, which slowly moves
upward toward the exit of the centrifuge. Figure 12
shows the position of the front after 5 min. Table 1
gives clinical data for the percentage of residual albu-
min after cell washing for the conditions used in this
simulation (inlet hematocrit 10%, flow rates for fill
and wash cycles 200 mL/min, wash time 5 min).

The CFD model may be used to predict semi-
quantitatively the percentage removal of albumin
by dividing the centrifuge bowl into two zones. The
zone that contains the plasma is assumed to have
an albumin concentration equivalent to the initial
measured supernatant albumin concentration. The
albumin concentration in the zone containing
deposited red blood cells is determined by first cal-
culating the total mass of albumin present, that is,
supernatant albumin concentration multiplied by
the porosity of the zone (20% in this study). The
calculated mass of albumin is then divided by the
total volume of the zone (including red blood
cells). Thus, the centrifuge bowl is divided into two
zones with different initial albumin concentrations.
Using this method, the predicted albumin removal
is 90%, which is a little less than obtained in clini-
cal studies (see Table 1).

The CFD method that is used to predict the resid-
ual albumin in the washed blood is based on a num-
ber of assumptions. Firstly, to account for the fact
that the volume occupied by red blood cells is not
available for supernatant albumin, the albumin con-
centration in the zone containing deposited red
blood cells is artificially adjusted. Further, the porous
flow model employed by the CFD program does not
rigorously account for the tortuous liquid flow path
within the zone of deposited red blood cells. Never-

theless, the current CFD model may be used to indi-
cate the effect of varying processing parameters such
as the wash time and liquid flow rate on albumin
removal.

The results of the two simulations presented here
indicate that CFD may be a useful tool when design-
ing more efficient centrifuges for blood processing.
For example, the velocity fields indicate the presence
of recirculation within the bowl, which will compro-
mise performance. Simulations of new bowl designs
could be run to determine which ones indicate
reduced recirculation. By only testing bowl designs
that appear promising, CFD simulations could be
used to screen new bowl designs reducing the num-
ber of initial experimental tests required. Similarly,
more realistic CFD models for the zone of deposited
red blood cells could be developed, which in turn
could provide initial estimates of protein removal.
However, prediction of leukocyte and platelet
removal will be more difficult as this involves the
removal of interacting particles.

The results presented here focus on the use of
CFD for washing shed blood. However, centrifuges
are used throughout the blood banking industry for
many blood-processing applications. The CFD meth-
ods described here may be used to determine the
velocity field in centrifuge bowls for other blood-
processing applications. Consequently, CFD could be
a useful tool in designing centrifuges for other blood-
processing applications.

Although semiquantitative agreement is obtained
between numerical and experimental results for
albumin removal, the predicted velocity and pressure
profiles within the centrifugal cell washer have not
been validated directly by experiment. Because albu-
min removal is dependent upon the velocity profile,
which in turn depends on the pressure distribution
within the centrifuge, the numerically determined
velocity and pressure profiles appear accurate. How-
ever, before using CFD to design centrifuges, this
should be verified.

CONCLUSION

A CFD model of the Baylor bowl used in the
COBE Cardiovascular, BRAT 2 has been developed.
Two simulations have been run, one representing the
centrifuge bowl filled with water, and the second rep-
resenting the bowl filled with blood. The first simula-
tion was focused on determining the velocity and
pressure fields within the bowl, while the second
examined the predicted rate of protein removal.
Both simulations indicate that zones of liquid recir-
culation exist within the bowl. However, the degree

TABLE 1. Clinical data for albumin removal using the 
BRAT 2 (Data provided by COBE Cardiovascular, Arvada, 

CO, U.S.A.)

Run
Inlet albumin 

concentration (g/L)
Outlet albumin 

concentration (g/L)

Removal
percent

(%)

1 20.7 1.02 95
2 20.7 0.895 96
3 20.7 0.872 96
4 20.7 0.851 96
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of recirculation is greater when the centrifuge bowl
is filled with blood. The model provides semiquanti-
tative predictions of protein removal during cell
washing. The result obtained here indicates that
development of CFD models could be a valuable tool
when designing more efficient centrifuges.
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