
Copyright © 1999 Fluent Inc.                                                                                                                                                                                                             JA102 • Page 1 of 4

J O U R N A L  A R T I C L E S  B Y  F L U E N T  S O F T W A R E  U S E R S

Computational fluid dynamics (CFD) analysis is
streamlining the design and manufacture of
medical devices by providing a better
understanding of fluid flow and heat/mass
transport phenomena that affect device
performance and manufacturing processes. During
device design, CFD provides detailed performance
assessment, and therefore reduces the need for
costly experimentation.  Using CFD analysis,
manufacturing processes can be optimized from
both quality and cost standpoint.  CFD is also
essential for simulating human physiological flows
that interact with devices or affect drug delivery
procedures, since such flows are difficult to
measure using animal or physical models. 

Many bio-medical applications involve fluid flow
and heat/mass transport in the body and in devices.
Some examples include aerosol drug delivery,
blood pumps, artificial heart valves, blood
oxygenators, filtration devices, needles and
catheters, tubings, and diagnostic equipment.
Transport processes can include effects of
electrical fields, osmosis, multiple phases,
deposition of particles, deformation of solid
regions surrounding fluids, and chemical reactions.
CFD analysis provides details of fluid velocities,
pressures, solute or particle concentrations,
temperatures, stresses, and heat/mass fluxes
throughout the flow domain.  Computed flow
parameters can be displayed in different formats,

including color-coded graphics, which helps
provide insight into physical mechanisms
affecting the operation of a particular device.  As
part of an analysis, engineers can easily alter
model geometry, boundary conditions, or material
properties to determine the effects on the system
under study.  As a result, CFD is well suited for
conducting parametric studies, making it possible
to evaluate far more design alternatives than the
build and test method, thereby allowing for faster
performance optimization and significant
reduction of design cycle time. 

While experimentation using physical and animal
models will continue to play a paramount role in
testing design of medical devices, it has some
important disadvantages that explain the
increasing emphasis many device manufacturers
are placing on computer simulation.  Experiments
take a long period of time to perform, are
expensive, and in certain cases may involve risk
to animal or even human subjects.  For all of
these reasons, device manufacturers are turning to
computer simulation for evaluating the relative
performance of various design alternatives to
ensure that only the best possible one reaches the
market.  Another problem with physical testing
concerns the limited quantity and quality of the
data that is generated. Such data is obtained only
at certain locations where measurements can be
made. Computer simulations on the other hand
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can provide as many calculations, of as many
relevant parameters, and in as many locations as
the analyst requires. Numerical simulation also
eliminates the drawback of data scatter caused by
difficulties in maintaining uniform experimental
conditions. 

An example of the value of CFD is demonstrated
by its use by Medtronic Inc. in design of blood
handling devices. Medtronic has implemented
CFD software as an integral part of the design
optimization process for blood pumps and
oxygenators, which assume the role of heart and
lungs, respectively, in open-heart surgery.  A
design objective for such devices is to minimize
thermal and mechanical stresses that damage
blood cells in the artificial circulation.  A type of
blood pump manufactured by Medronic, the
BioMedicus Biopump (Figure 1), consists of
three rotating cones that produce a centrifugal
effect for drawing blood from an inlet port.
Optimization of the blood pump performance
required prediction of magnitude and distribution
of pressure, temperature, and shear stress fields,
and residence time of fragile blood cells within
the pump cavity. 

Flow in the BioMedicus Biopump was simulated
using a geometrically accurate computational
domain to determine the critical flow parameters.
A Medtronic scientist said, "using CFD we have
been able to find and evaluate the effects of flow
characteristics we were unable to explain using
standard test methods. One of these flow
characteristics was a complex recirculation
pattern between adjacent rotating cones. Pressure

distributions predicted by CFD matched
experimental predictions quite well."  Within six
months of purchasing CFD technology, the
hardware and software expenses were recouped
through improvements in product design
efficiency and a significant reduction in time-to-
market for new product designs.  The ability to
make changes late in the design cycle based on
CFD results was particularly valuable, since
building and physical testing of prototypes at this
stage is very expensive. Medtronic has continued
to successfully use CFD simulations for design
optimization of other devices.

In another application, scientists at the Center for
Devices and Radiological Health, U.S. Food &
Drug Administration (FDA), used CFD to
investigate the role of spinal anesthesia catheter
design in some previously mysterious

neurological injuries.  Spinal anesthesia is a
technique in which anesthetic is delivered directly
into a cavity within the spinal column through a
catheter or needle.  Several patients suffered cauda
equina syndrome, a form of temporary paralysis,
when they were anesthetized using certain types of
spinal catheters.  It was postulated that
occurrences of neurological injuries were due to
anesthetic maldistribution, the accumulation of
toxic levels in isolated locations within the spinal
column.  Since experimental studies of anesthetic
dispersion, typically performed with plastic
models of the spinal column, are limited in the
amount of information they can provide, the
research wing of the FDA used CFD to investigate
this problem.

Computer simulation using CFD (Figure 2)
clarified for the first time some of the factors
affecting anesthetic distribution in the spinal
column.  The graphical results from the analysis
clearly showed that smaller catheters tended to
produce an uneven distribution compared to larger
ones.  A jet of anesthetic solution coming out of
smaller catheters was confined to a small region of
the spinal column, which could result in the
neurological injury.  Larger catheters, on the other
hand, produced a larger jet that tended to be more
evenly distributed in the spinal space.  CFD
analysis allowed researchers at the FDA to

Fig 1.  Pressure contours and a cutaway view that reveals
velocity vectors in Medtronic Bio-Medicus blood pump
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systematically study the effects of various system
geometries and operating conditions on
performance, and issue guidance for avoiding
similar injuries. 

CFD can also help significantly improve
manufacturing processes for devices. Vygon S.A.
has used CFD analysis to optimize manufacturing
of medical grade tubing. Vygon pioneered
development of sterile, single-use, disposable
products, and today is an industry leader pursuing
specialized production methods that meet the
rigorous quality and cleanliness requirements of
medical devices.  Several factors make the design
and manufacture of flexible tubing products
difficult. Often the tubes must transfer multiple
fluids, each flowing in a separate lumen whose
cross-sectional area controls the maximum
possible flow rate.  With these constraints,
flexibility and small size of tubes are typical
design goals.  Hence the manufacturing process
must be optimized to yield very specific cross-
sectional shapes. The tubes are manufactured
using an extrusion process, requiring a die design
that can reliably deliver the desired extrudate
shape. 

Vygon used numerical flow simulation methods
to evaluate several die designs for multi-lumen
tubes, including precise control of the internal
lumen cross-sections. Based on imposed flow
profiles and operating conditions, CFD computed
the required die shape. The dies were then built
and tested by Vygon, and an extrudate shape very

close to the required one was obtained on the first
trial.  In addition, the resulting dies have been
more robust and stable to handle, yielding more
reproducible products with negligible tuning.  The
result has been increased production rates and a
reduction in the number of extruders operating. 

CFD has been extensively used to model
physiological flows, with applications in
toxicology, drug delivery, and surgical and
diagnostic procedures. On a more fundamental
level, modeling of fluid transport in organ systems
can lead to a better understanding of physical
mechanisms that contribute to the development of
certain diseases.  As an example, researchers at
the Thomas Jefferson University have modeled
blood flow in arteries to predict the growth and
rupture risk of cerebral aneurysms (Figure 3).
This disease is caused by weakness of the arterial
wall resulting in a balloon-shaped bulge in the
artery.  The arterial wall weakness is believed to
be caused by abnormally large flow shear stresses
that damage wall cells.  Once an aneurysm is
formed, fluctuations in blood flow within it can
induce vibrations of the aneurysm wall that
contribute to progression and eventual rupture.
Simulation of blood flow with CFD provides
more information than current diagnostic tools.
Particularly, it allows determination of shear
stress levels, which in turn helps in identifying
regions susceptible to aneurysm formation,
growth, and rupture.  As CFD analysis is further
developed into a practical diagnostic tool, it is
expected to dramatically improve the ability of
physicians to weigh the results of alternative
treatment methods.

CFD has been shown to be a valuable tool for
medical device design and manufacturing
processes, and simulating various physiological
flows, including ones that interact with devices.
Flow modeling provides engineers with the ability
to accurately determine the performance of design
concepts, reducing the need for physical testing
and building of prototypes. This makes it possible
to evaluate many more designs, resulting in a
substantial improvement in performance.  At the
same time, the lower cost and shorter lead-times
of simulation provide faster time to market and

Fig 2.  CFD analysis of a spinal catheter.




