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Figure 7. Overall geometry (a) and dimensions (b) of the chill mold cylindrical
casting in mm. ’
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Figure 8. Shrinkage cavities for the pure iron chill mold
casting shown in Iig. 7: (a) explicit calculation,
(b) 1mplicit calculation for y=45 without sub-
timestepping. (c) implicit calculation for y=45
with sub-time-stepping and (d) experimental result.
The two round holes in the lower part of the casting
were produced by thermocouples.




Figure 9. Schematic for the illustration of the new heat transfer model (Section 4).
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Figure 10. Comparisons of the results of the old and new heat transfer algorithms
for a one-dimensional heat transfer and conduction problem:
(a) temperature, (b) interfacial heat flux and (c) total energy change.




INTERFACIAL HEAT FLUX AT t=130 SEC

S
NORMALIZED FLUX
&
<
——
/

iy AN = [
0:7 \LOTSJ\ \g/z'//
:: ' o \-\C):;"T .

OPEN VOLUME, Vf

TOTAL ENERGY CHANGE AT t=130 SEC

T

3 1
2.5
] oLD /
pd
w :
m
b N
J
= 1.5 /
=
o
O 1
pd
NEW b
0.5
0 - T T T T i
0 0.2 0.4 0.6 0.8 1

OPEN VOLUME, Vf

Figure 11. Sensitivity of the results of the old and new heat transfer algorithms
to the value of the interfacial cell open volume, V,: (a) interfacial
heat flux and (b) total energy change.




4. Conclusions

The modified method is more accurate than the original one because it resolves the
temperature profile in the interfacial cells by a linear function, instead of the uniform temperature
used previously. In addition, the results of the new method are less dependent on the position of
the fluid/obstacle interface inside mesh cells. This is important for accurate evaluation of the
interfacial heat fluxes for complicated obstacle geometries.

The main assumptions in the new algorithm are:

1) The interface has no heat capacity, i. e. heat fluxes on both sides of the interface are
equal;

2) The temperature profile between the interface and the center of the cell open (or
blocked) volume is linear as a consequence of the first order numerical
approximation for the heat conduction terms at the boundaries.

The linear interpolation allows one to have two temperatures, fluid and obstacle, exactly at the
interface. No differential equations have to be solved for these temperatures. As a consequence,
this modification of the basic FLOW-3D algorithm does not require any additional
computational effort. The modified heat transfer coefficients are automatically precomputed at
the preprocessor level since the geometry does not change during a simulation involving heat
transfer.
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