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Extended Abstract
Background.
Many vacuum deposition processes are limited in the speed they can be run at
because of the deposition heat load. In previous work it has been shown that the ratelimiting factor is the heat transfer coefficient between the back surface of the polymer
web & the cooled deposition drum. This heat transfer coefficient is not only the ratelimiting factor but is also a variable & is also generally an unknown variable. The
heat transfer coefficient depends upon the surface roughness of the deposition drum,
the surface roughness of the back surface of the polymer web & the moisture content
of the polymer. The surface roughness of the two surfaces controls the number of
point contacts between the two surfaces & this determines the amount of heat
transferred by direct conduction. The moisture content of the polymer determines the
amount of gas trapped between the web & drum which enables further transfer of heat
from the web to the drum. As the moisture content is different for different polymers
the heat transfer coefficient will also be different for different polymers. Even with
the same polymer the moisture content will also vary. The moisture content can be
dependant upon the process conditions and also the humidity during manufacturing &
also downstream processing & storage.
Hugh Clow developed & patented (ref. 10) a process for injecting gas between
the web & drum as a method of improving the heat transfer between the web &
deposition drum. This process has been used on some high-speed metallizers to
improve the deposition speed.
Other deposition processes also have a problem of removing the heat but the
deposition rate and hence the winding speed is much lower.
The perception has been that gas injection would not work for slow speeds &
narrow webs. However nobody seemed to be prepared to define where the cut-off
point on speed & width might be.
Thus this led to putting the question, where is the boundary of the combination
of speed & width where injecting gas is a benefit?
This also led to other questions such as if the gas leaks out of the edge
between the polymer & drum does the allow the edge to collapse on to the drum &
seal the rest of the gas in or does the tension applied to the web squeeze the gas out
from the centre of the web to the edge progressively & hence all the gas is lost within

a finite time? The first scenario would suggest that the gas could still be a benefit at
slow speed whereas the second scenario would suggest that it would not.

Process
The analysis looks at the dissipation of the heat load by radiation, conduction
& convection between the web & drum. In particular looking at the benefits of using
a gas injected between the web & drum and the possible limitations of using such a
process at low speed or on narrow web systems.
For polymeric films on steel coating drums the web to drum heat transfer is
significantly affected by the conduction through the small amount of gas trapped
between web and drum where the mean free path of the molecules is much bigger
than the gap. Radiation is a small component and direct conduction is limited relating
to the surface roughness of the two surfaces. Previous work has made estimates of
heat transfer but based on gas conductivity where intermolecular collisions dominate.
Our (theoretical) analysis, based on free molecular transport of heat (kinetic energy)
confirms the size of the coefficients and dependence on gas density (pressure) but not
gap size and suggests that higher values might occur.
We have an estimate of the molecular flux due to density-gradients also based
on free molecular flow (like Knudsen flow) in a small gap. Using this, we have an
analytic model (solution of PDE) of the gas density distribution in the gap as a
function of position along and across the moving web, which then defines the spatial
variation in heat transfer.
The model shows the potential effects of molecular properties, web width,
web speed and injected gas density on heat transfer and friction.
It appears that as speeds are lowered, gas leakage from the edges could cause
significant drops in heat transfer and the effect will be worse with narrow webs.

Summary.
It is expected that the presentation will follow the path taken in exploring this
problem. Taking account of some of the earlier work (e.g. ref 8) and answering the
questions initially posed. Thus highlighting the speed & width at which the benefits
are marginal.
Also the presentation will compare performance difference of different gases
such as argon versus air or water as the injected gas.
This work also demonstrates that in systems where injecting the gas is not
appropriate there will be an uncontrolled variable that is likely to affect the process.
This variable is the water content of the polymer. This will lead to a rate of diffusion
of the moisture out of the back surface of the web that is related to the water content
& the time the polymer is under the high heat load. This in turn will affect the heat
transfer coefficient and thus the effectiveness of the cooling of the web & thus the
maximum temperature the web will reach.

For those interested in the light reading that was used by Mike McCann in developing
this work some of the key references are listed below.
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