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FLOW-3D Helps Kodak Develop New
Printhead Design in One-Third the Time

W hen Eastman Kodak Company entered the inkjet
printing market, the company had no time to waste.
Kodak planned to make inroads in the business by

using premium pigment-based inks to provide photo prints
with vivid colors that last a lifetime and substantially reduce
ink costs by incorporating the printhead into the printer
rather than coupling it to the replacement ink cartridge.

These advancements required the development of a totally new printhead.
Industry experience has been that it typically takes 8 to 10 years to develop
an all-new inkjet printer technology. Kodak researchers recognized that to
meet the time constraints of the project, they needed both very accurate
simulation software and a systematic method of optimizing their design.
Using FLOW-3D and D-optimal designed experiments (DOE), Kodak
researchers accomplished the task in only three years.

Innovative ink leads 
to new printer line

A key innovation that shaped
Kodak’s EASYSHARE line of
printers was the develop-
ment of a pigment-based ink
that provides the same level
of brilliance as dye-based
inks but which lasts much
longer. Kodak engineers
needed to develop a printhead
that could deliver this new ink
precisely onto the paper and other
media while providing much longer life
than existing printheads. KODAK EASYSHARE 5500

all-in-one printer.

“FLOW-3D has provided excellent qualitative agreement,
based on visual observations, as well as good quantitative
trend prediction. Just as important, the software accurately 

predicts design sensitivities. As a result, FLOW-3D has 
provided valuable insight in support of the advanced 

research and development activities at Kodak.”
Christopher Delametter

Senior Research Scientist, Eastman Kodak Company



Simulation Spotlight: Bubble Model 
Homogeneous bubble model

Kodak engineers accurately simulated the printhead operation using
FLOW-3D, which incorporates a homogeneous bubble model that 
couples the formation of the vapor bubble to fluid and heat flow. A heat

source within the thin-film stack is transported to the ink by conduction within
the solid structure and by heat transfer at the fluid/solid interface. The vapor
bubble forms explosively once the superheat temperature is reached in the fluid.
The bubble is assumed to have homogeneous pressure and temperature, the
dynamics of which are governed by the Clapeyron equation for the vapor. Mass
and heat exchange at the vapor/liquid interface continues as the bubble
expands, with the mass flux determined from kinetic theory. Surface tension 
and viscous forces are also included in the simulations.

Proper representation of forces and fluxes in the model depends on accurate
tracking of the free surface, which is achieved by employing the TruVOF 
methodology and is a significant part of the calculations.

Design of experiments

Kodak researchers developed a series of D-optimal designed 
experiments (DOE) that explored the design space. These experi-
ments determined how key performance parameters such as the
drop volume and drop velocity change with respect to the geometry
parameters. Kodak researchers used coarser computational meshes
early in the design process in order to evaluate many alternatives in
the least possible amount of time. As the design began to stabilize
they moved to finer computational meshes in order to increase the
accuracy of the simulation results. In addition to the numerical
results, the graphical output of the simulation was very useful in
helping researchers derive insights by visualizing flow fields 
and free surfaces.

By using DOE to drive CFD, Kodak researchers were able to 
optimize the design of the printhead in considerably less time than
competitors. The advantages of simulation were especially apparent
late in the project when researchers discovered a more optimal ink
formulation for one of the colors. The ink was quickly reformulated to
capitalize on these advantages. But would it be necessary to spend a year or more redesigning the printhead?
Fortunately, Kodak researchers had already run sensitivity studies on the ink properties, so without running a 
single additional simulation they quickly determined that the existing printhead design would work fine. The
EASYSHARE family of printers was thus launched only three years after the project was initiated, in approximately
one-third the amount of time typically required to bring new inkjet technology to market.

To read the full story, check out our online technical library at:
http://flow3d.com/resources/tech_paper/res_tp_microfluidics.html

Call 505-982-0088 for more information about how FLOW-3D can enhance 
the reliability and quality of your microfluidic designs to reduce overall costs.

Flow Science Inc.
683 Harkle Road, Suite A  • Santa Fe, NM 87505  

sales@flow3d.com  • www.flow3d.com  • 505-982-0088
FLOW-3D and TruVOF are registered trademarks of Flow Science Inc. in the USA and other countries.

Homogeneous thermal
bubble model.

Comparison between physical experiments
and simulation—Early experimental device

configuration.
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