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EXPERIMENT AND NUMERICAL MODELLING THE TIME OF PLATE-SHAPE CASTING SOLIDIFICATION VS. THERMAL
CONDUCTIVITY OF MOULD MATERIAL

EKSPERYMENT I MODELOWANIE NUMERYCZNE CZASU KRZEPNIECIA ODLEWU PLYTY W FUNKCJI PRZEWODNICTWA
CIEPLNEGO MATERIALU FORMY

The paper presents results of measuring thermal conductivity of sand mould material and time of castings solidification

evaluated from cooling curves and from Nova Flow & Solid numerical calculations. During the experiments pure Al (99,95%)
plate was cast into the sand moulds. The analysed variable parameter in numerical calculations was mould thermal conductivity
of fixed value taken from the range 0.5-0.9 W/(mK). Other mould parameters (initial temperature, mass density, heat capacity)
and thermo-physical properties of liquid and solid casting were taken invariable. Basing on the measurements it was stated
that thermal conductivity of the moulding sand has complex temperature variability, especially during the water vaporization
and the obtained dependence should be used in the numerical calculations to improve their accuracy.
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Artykut prezentuje wyniki pomiaréw wspétczynnika przewodzenia ciepla materiatu formy piaskowej oraz czas krzepnigcia
odlewu oszacowany z krzywej stygnigcia i obliczony numerycznie za pomocg Nova Flow & Solid. W czasie eksperymentéw
odlew w ksztalcie plyty wykonywano z czystego aluminium (99,95%). Zmienng w obliczeniach byla przewodno$¢ cieplna
materiatu formy z zakresu 0,5-0,9 W/(mK). Pozostale parametry formy (temperatura poczatkowa, gesto§¢ masy i pojemnosé
cieplna) oraz wlasciwosci termofizyczne cieklego i zakrzeptego metalu byly state. Na podstawie eksperymentéw stwierdzono,
ze temperaturowa zalezno$¢ przewodnosci cieplnej formy nie ma prostego przebiegu, szczegdlnie w okresie odparowywania
wilgoci, a uzyskana w czesci eksperymentalnej temperaturowa zalezno$¢ powinna by¢ stosowana w obliczeniach numerycznych

w celu polepszenia jakosci obliczef.

1. Introduction

The amount and rate of heat transferred from a solidifying
melt to foundry mould and ambient determines the structure
and properties of the casting. Nowadays designing of the cast-
ing technology uses numerical simulation of the heat and mass
exchange processes. Simulation of the solidification processes
requires knowledge of several boundary parameters, among
others, the thermo-physical parameters of the system casting
— mould — ambient [1].

For a mould these are: coefficient of thermal diffusivity,
coefficient of heat capacity, coefficient of thermal conductivity
and mass density. For a casting these are mainly: densities of
liquid and solid state, liquid and solid heat capacities and heat
of solidification.

The solidification and feeding processes depend on
grain-size of the casting, which can be controlled by hetero-
geneous nucleation and/or or by the intensity of cooling [2,3].
The latter strongly depends on the mentioned thermo-physical
properties of the mould [4]. In foundry practice, in many cas-
es shape castings solidify in sand-moulds. Thermo-physical

properties of sand moulds strongly depend on temperature
changes, unfortunately these relationships are in most cas-
es unknown. Moreover, the available software packages have
mean values of those existing in literature and using them can
lead to low accuracy of the calculations. Thus, there is a need
of establishing the temperature dependencies of the mentioned
thermo-physical properties as well as a need of performing a
confrontation: experimental results vs. numerical calculations
of the solidification process. Many different methods of mea-
surements of the thermo-physical properties are available in
literature, e.g. [5-20] and their describing is beyond scope of
this paper.

2. Experimental

In this experiment pure Al plate was cast into wet
green-sand mould. During the experiment temperature field of
the mould as well as cooling curve of the solidifying casting
were registered. The details of the experiment are shown in
Figure 1 and are already described in detail in [21-25].

* AGH UNIVERSITY OF SCIENCE AND TECHNOLOGY, FACULTY OF FOUNDRY ENGINEERING, 23 REYMONTA STREET, 30-059 KRAKOW, POLAND



1406

Casting: plate 15,8 x 162 x 162 mm
Mold of measured thermophysical
properties

Bottom sand mould

Fig. 1. Scheme of measuring system. Thermocouples location: T¢¢
— centre of the casting; T, s — surface of sand mould; 7'(x,7) —
thermocouples located in different distances from the surface; 7 s
— mould temperature unchanged during the solidification of casting
(ambient temperature for the casting) [21]

The sand mould with mounted thermocouples is shown in
Figure 2 while Figure 3 shows the same mould with solidified
Al plate inside. The material properties of the casting — mould
system used during calculations are collected in Table 1. The
measured time of solidification was confronted with the one
calculated from the analytical formula (1), [24,25]:

VaMc

T =
VSOl T D Feby (Teryst — Tamy)

(LC + ngATOH) 1)

M¢ and F¢ — mass and cooling surface of casting; by — co-
efficient of heat accumulation of mould material is given by
the mould thermal conductivity A, , heat capacity Cy and

density py:
by = NVAuCupu (2)

Fig. 2. The experimental mould before pouring. Visible thermocou-
ples mounted in the mould cavity and in the mould body

Fig. 3. The mould from Figure 2 cast with pure aluminium

Combining relationships:

A
b = 4/AC = — 3
poa=-c 3)
one can easily calculate required coefficients as follows:
Ay =by~Nay Cuy = bu 4)
M =bu~vay Cuy PN

where: a), — heat diffusivity coefficient of the mould material.

TABLE 1
Thermo-physical properties and geometrical dimensions of the Al
casting (purity 99.5% Al) and density of the mould used during the

calculations
Property — Symbol/Unit Value
Liquid density — p;¢ / kg/m? 2 400
Solid density — pgc / kg/m3 2 660
Heat capacity in temperature
range of crystallization — Cjiy_soy | 960 — 1 170
/ J/(kgK)
Heat capacity in liquid state —
; 1 086
C / J/(kgK)
Latent heat of fusion — L / J/kg 398 000

Melt overheating — ATy / K 40
Measured temperature of crystal-
lization — Tegysy/ °C
Dimensions of plate-shape

656,27

casting / mm

160x160x15,8

Liquid state thermal conductivity

— Az / W/(mK) 100
Solid state thermal conductivity
- As / W/(mK) 125 -163
Measured density of sand mould
3 1372
— pm /! kg/m
Initial mould temperature 3
Tam / °C
Measured time of solidification 136

in experiment — 7, / S

The ay heat diffusivity coefficient can be determined
from the registered temperature field of the mould described




by error function [7,8]:

T.:—T
ZET TS0 o f(u); where u = —— (5)
Tamp — TSurf 2+faut
3. Results and discussion
The temperature dependence of the investigated

green-sand is shown in Figure 4. From Figure 4 it can be
seen that the coefficient of thermal conductivity takes value
from the range 1.6-0.7 W/(mK) during the first period of the
mould heating by the solidifying casting. During this period
also water evaporation and vapour transport from the mould
surface-layer to the mould body takes place. Then its value
stabilizes and linearly decreases to about 0.55 W/(mK).
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Fig. 4. The relationships: thermal conductivity vs. temperature ob-
tained for the examined sand in the Casting Method experiment [21]

As mentioned before the same material data were used in
numerical calculations by Nova Flow & Solid. The obtained
cooling curves during the numerical modelling are shown in
Figure 5 while time of solidification for different values of the
sand thermal conductivity is shown in Figure 6.
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Fig. 5. Cooling curves of the aluminium plate obtained in Nova Flow
simulation for different values of the sand A, thermal conductivity

The time of solidification from the experiment is 186 s
while by Nova Flow & Solid it is 260 s for the sand thermal
conductivity A4y = 0.5 W/(mK) and 230 s for the sand thermal
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conductivity 4y, = 0.6 W/(mK). Thus, it can be concluded, that
using mean values the sand thermal conductivity in numerical
calculations introduces significant inaccuracy in relation to the
value obtained in the experiment, as it can be seen in the last
column of Table 2.

TABLE 2
Time of solidification 7, by Nova Flow & Solid for different
values of the mould mean A, thermal conductivity coefficient

Ay ! W/(mK) | 14, /s T30 /' s |Error / %
NovaFlow | Experiment -
0.5 260.2 39.9
0.6 228.9 23.1
186.0
0.7 202.3 8.8
0.8 180.3 -3.1
0.9 162.7 -12.5

Finally, it should be taken into account that only real tem-
perature dependence of thermo-physical properties can ensure
high accuracy of the numerical calculations.
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Fig. 6. Time of solidification 7, for the sand thermal conductivity
value Ay = 0.5 - 0.9 W/(mK) (Nova Flow & Solid)

4. Conclusions

Basing on the presented results the following conclusions
can be drawn:

The Casting Method (CM) allows obtaining temperature
dependence of the thermo-physical properties.

The CM is performed in real conditions of the poured
sand mould, i.e. in contact with molten metal, under hydro-
static pressure of the molten metal during initial period of the
metal cooling as well as in condition of the water evaporation
from the wet mould.

Using mean values of the sand thermal conductivity in
numerical simulations / calculations can lead to very high in-
accuracy, for instance the time of solidification may be 20-40%
longer than the real one.

Finally, it should be concluded that only real temperature
dependence of thermo-physical properties, e.g. measured by
the Casting Method, can ensure high accuracy of the numeri-
cal simulations and calculations.
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