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Thermal Expansion of Polyurethane Foam

Bradley A Lerch** Roy M. Sullivan'

Research Engineer Research Engineer

Closed cell foams are often used for thermal insulation. In the case of the Space Shuttle,
the External Tank uses several thermal protection systems to maintain the temperature of the
cryogenic fuels. A few of these systems are polyurethane, closed cell foams. In an attempt
to better understand the foam behavior on the tank, we are in the process of developing
and improving thermal-mechanical models for the foams. These models will start at the
microstructural level and progress to the overall structural behavior of the foams on the
tank.

One of the key properties for model characterization and verification is thermal expansion.
Since the foam is not a material, but a structure, the modeling of the expansion is complex.
It is also exacerbated by the anisoptropy of the material. During the spraying and foaming
process, the cells become elongated in the rise direction and this imparts different properties
in the rise direction than in the transverse directions. Our approach is to treat the foam as
a two part structure consisting of the polymeric cell structure and the gas inside the cells.
The polymeric skeleton has a thermal expansion of its own which is derived from the basic
polymer chemistry. However, a major contributor to the thermal expansion is the volume
change associated with the gas inside of the closed cells. As this gas expands it exerts
pressure on the cell walls and changes the shape and size of the cells. The amount that this
occurs depends on the elastic and viscoplastic properties of the polymer skeleton. The more
compliant the polymeric skelton, the more influence the gas pressure has on the expansion.
An additional influence on the expansion process is that the polymeric skeleton begins to
breakdown at elevated temperatures and releases additional gas species into the cell interiors,
adding to the gas pressure. The fact that this is such a complex process makes thermal
expansion ideal for testing the models.

This report focuses on the thermal expansion tests and the response of the microstructure.
A novel optical method is described which is appropriate for measuring thermal expansion
at high temperatures without influencing the thermal expansion measurement. Detailed
microstructural investigations will also be described which show cell expansion as a function
of temperature. Finally, a phenomenological model on thermal expansion will be described.
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