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ABSTRACT

A numerical solution has been developed for the steady state partial differential equations
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which discribe the flow of non-Newtonian fluids into geometrically and kinematically
asymmetric calenders with viscous heating effects. The solution technique combines the
successive under relaxation method for the energy equation with analytical solution for the
equation of motion at the isothermal condition. The asymmetric calendering system is simp-
lified by use of bicylindrical coordinates which establishes uniform size network for each.
variable. The initial condition is simply that the calender gap is filled completely with
certain fluid whose initial temperature is uniformly constant. Viscous heating is shown to:
drastically change in the velocity and pressure field near the entrance and exit zone. The:
temperature distribution exhibits two local maxima and a minimum in the direction of
flow, an dthe maximum temperature rise is about 30°C near the roll surface. Numerically
stability problem of the steady state equations associated with high viscosity fluid flow is.

treated and solved by the use of the successive under relaxation method.
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Fig. 1. Non-Newtonian Fluid Flow Between
Asymmetric Calendering Rolls
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Fig. 3. Velocity Distribution for Non-Isothermal Condition due to Viscous Heating Effect
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Table 1. Material Properties of Rigid PVC

density (o) 1. 3g/cm?

flow consistency index(») 0.5

pre-exponential factor of 6.46x10°8
viscosity (#0) poise(sec) V3

Activation Energy for 27. 8kcal/g-mole
flow (JE)

Heat capacity (Cp)

Theimal conductivity (k)

0.43cal/g°K
2.3X 10 *cal/gsec’K

Melting point(7T",) 202°C
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Fig. 10. Maximum, Minimum and Centerplane

Temperature Profile at the Conditions of
To=T1=T2=453’K R/R,=10/20, H
= 0.0lem, U/U>=30/40, =n=10.5 &*
= 2.356
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Nomenclature

Cp : heat capacity

AE : activation energy for flow

F: relaxation parameter

% : metric coefficient

% : thermal conductivity

M : number of grid point in S-direction

;. flow consistency index

my © pre-exponential factor of viscosity

N : number of grid point in y-direction

# - flow behavior index

D I pressure

R : gas constant

T : temperature

T, Ta:
perature

upper and lower cylinder wall tem-

T, : inlet temperature

T.,: average temperature for each cross sec-
tion

u, v : velocity components into the &,7 direction

U,U,:

&,y ¢ bipolar cylindrical coordinates

rotating surface velocities of the rolls

p  density

71,72 ¢ value of » at the wall of the roll

&, : entrance coordinate

&* 1 exit coordinate

4E, Ay @ &-and y-direction increments

¢y . Stress tensor

4 : rate of deformation tensor

¢ : prescribed tolerance limit superscript
superscript

! : iteration number subscript
subscript

{ : denotes &directiomal grid point

J : denotes x-directional grid point
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