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HEAT TRANSFER COEFFICIENTS IN EXTRUDER MELT SECTIONS

Stephen J. Derezinski, Eastman Kodak Company, Rochester, New York, 14652-3701

Abstract

A comprehensive lumped model for calculating
the melt temperature in an extruder is used to
determine the pevailing heat transfer coefficient for
operational extruders. The method is numerically
efficient and accurate.  Coefficients for several
different screws are calculated and presented.

Introduction

In order to calculate the melt temperature in an
extruder, a method of calculating the heat transferred
between the melt and the barrel is needed. A basic
method is to use a lumped melt temperature model
with a heat transfer coefficient. However, accurate
values of the heat transfer coefficient are needed if the
calculation is to be realistic.

A lumped model is demonstrated here which
utilizes the screw dimensions, melt rheclogy, extruder
speed, barrel temperature and heat transfer coefficient
to obtain the melt temperature. For this study, it is
applied to determine the prevailing heat transfer
coefficient if the melt temperature is known. Heat
transfer coefficients thusly obtained “calibrate™ the
model to accurately predict melt temperature of the
extruder from which the data were obtained.

Background

Current efforts to calculate the melt temperature in
extruders typically involve déscretized 2 and 3-
dimensional finite difference or finite element
simulations[1.] However, the physics of a rotating
extruder screw with helical channel and flight are very
complicated. Copious amounts of compuler resources
are required to provide results over short time periods
of operation for a small portion of the screw. Such
methods can be excellent investigative tools for limited
detailed study, but they are not practical in an
engineering sense where the usage will be highly
repetitious.

A model that uses bulk temperature and heat
transfer coefficients is very easily solved with a spread
sheet. or even a programmable calculator. Simulations
of developing melt temperature are obtained in
fractions of a second, so that it is practical to perform
trial-and-error calculations. This advantage is used
here for finding heat transfer coefficients from
machine data.

Heat transfer coefficients have been derived from
basic laws. Jepson[2] derived the heat transfer
coefficient based on a model of a passing flight leaving
behind a polymer layer. The heat transfer coefficient
is calculated from transient one-dimensional heat
transfer[3] between the barrel and the melt, which is
assumed to be a solid slab, In spite of this assumption
and others[4,] the resulis are realistic enough to predict
trends.

Melt Temperature Model

The energy balance for developing melt
temperature, 8, in an extruder[5] for a Carreau-Yasuda
shear dependent polymer with viscosity exponentially
dependent on temperature has been developed in
dimensionless terms, A more general form of this
equation is now given as
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is the ratio of heat transfer to viscous heat generation.

The Carreau-Yasuda parameter,
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accounts for the effects of shear in the domains of
flight clearance and channel as modeled by the
Carreau-Yasuda equation,

The axial length coordinate, z, is given as
dimensionless coordinate,
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In order to make the solution to equation 1 most
general, the initial conditions are assumed to be 8, = —
o at y=0. Obviously, actual initial temperature must
be finite, and this definition of initial condition
requires that the initial temperature occur at yq > 0.
Therefore, the dimensionless length which pertains to
the length of the melt section is






