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Abstract

This paper describes a simple experimental method for obtaining the thermal contact resistance between a metal
casting and the mold[ A speci_c model has been developed for the study of heat transfer across the metalÐmold interface[
This study uses a combination method of experimental and numerical procedures to obtain the thermal contact resistance
during the _rst stages of the metal casting[ Experimental work is performed to obtain measurable quantities such as
thermal histories at various and selected thermocouple locations[ The numerical work is performed to obtain temperature
surface distribution and the inner gradient temperature by solving the inverse heat conduction problem in the mold
region and by solving a direct heat phase change problem in the casting region[ Þ 0888 Elsevier Science Ltd[ All rights
reserved[

Nomenclature

A constant
c constant coe.cient
Cp heat capacity
d descent direction parameter
D vector of descent direction parameters
f"t# measured temperature
H enthalpy
L latent heat
J residual functional
M number of parameter
N number of sensors\ number of measurement
points
P number of coe.cient in smoothing
R"t# thermal contact resistance
t time
Tc"x\ t# casting temperature
Ts"x\ t# substrate temperature
u unknown parameter
U vector of unknown parameters
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U"t# unknown function
x space[

Greek symbols
a constant\ thermal di}usivity
b parameter in descent direction
g descent parameter
d integrated measurement error
D small variation
DT"x\ t# temperature variation
l thermal conductivity
r density
s standard deviation
8 heat ~ux\ basis functions
c"x\ t# adjoint variable
9 gradient9J vector of residual functional gradient[

Subscripts
c casting
int interface
f _nal
i ith position\ ith time step
l liquid
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m melting
s solid\ substrate[

Superscripts
i number of layers\ initial
s iteration number
T transpose[

0[ Introduction

During metal casting the contact between the metal
and the mold wall is not perfect and changes with time[
This imperfection and its evolution creates a thermal
contact resistance that reduces the heat transfer and the
solidi_cation rate[ The resistance to heat ~ow at the
metalÐmold interface has a marked in~uence on the sol!
idi_cation rate of metal castings[ A fast cooling rate pro!
motes a _ne grained structure in the casting and improves
the mechanical properties of the solidi_ed metal ð0Ł[
Therefore\ an accurate estimation of thermal contact
resistance is of practical importance in the casting of
metal in a metal mold[ This work is an attempt to detect
this thermal contact resistance and characterize its evol!
ution with time[ We try to analyze and to model heat ~ow
at the metalÐmold interface during metal solidi_cation[

Numerous studies of thermal contact resistance were
focused on solidÐsolid metals such as steels\ alloys and
their environments\ for example\ air\ other gases\ or
~uids[ A general review of thermal contact was provided
by ð1\ 2Ł[ Based on their reviews\ thermal contact resist!
ance studies of several _elds have been explored\ such as
porous materials\ composite materials\ layered materials\
microelectronics\ and biomedicine[

To date\ there are few studies published regarding ther!
mal resistance contact during metal casting and no
known correlation is available for the prediction of inter!
face heat transfer coe.cient between the mold and cast!
ing surfaces from fundamental principles[ There is a gen!
eral review on the subject in Viskanta ð3Ł[

Prates et al[ ð4Ł have proposed a mechanism to explain
the initial formation of metalÐmold interface with solidÐ
solid contact based on their work with aluminum alloys[
The postulating is based on the fact that\ on microscopic
scale\ the surface of a permanent mold is not completely
smooth and consists of small asperities production from
the surface pro_le[ When liquid metal _rst approaches
the mold surface\ contact occurs at the peaks of asperities[
Rapid cooling at these peaks causes solidi_cation of the
liquid metal to nucleate from these sites[ At the same
time\ the surface tension of liquid metal and subsequent
rapid growth of solidi_cation from the nucleation sites
prevents the solidifying metal from wetting the valleys on
the surface pro_le of the mold[

Ho et al[ ð5\ 6Ł have shown that it is possible\ with the
formation of an interfacial gap\ to calculate the interfacial

heat transfer coe.cient by a simple superposition of gas
conduction and radiation via the quasi!steady state
approximation[ But the question is how to determine
precisely the gap thickness[ Pehkle ð7Ł has done several
simulations of solidi_cation of various castings in di}er!
ent type of molds and has noted the di.culties of lack of
proper material property data[ He has also realized the
importance of moldÐmetal interface in solidi_cation pro!
cess[

Srinivasan et al[ ð8Ł have observed that it is possible to
get useful numerical solutions for temperature dis!
tribution in solidifying castings only if the interface heat
transfer coe.cients are known with su.cient accuracy[
Erickson ð09Ł has noted that in spite of the advances
made in the numerical methods developed for handling
solidi_cation problems\ the simulation results are very
much hampered by the lack of availability of material
properties near solidi_cation temperatures and lack of
reliable data on heat transfer coe.cients at the interface[
All these authors expressed the considerable lack in the
heat interface coe.cient area[ Isaac et al[ ð00\ 01Ł have
studied the formation and distribution of air gap during
the solidi_cation of castings in metallic molds[ They have
concluded that the value of heat transfer coe.cient at
the interface is not constant\ but varies with time[ It
decreases as the solidi_cation of aluminum casting in
metallic mold proceeds[ The value of heat transfer
coe.cient also changes from point to point on the surface
of casting[ This being maximum at the middle of the
casting surface[ The time of start of air gap formation at
the corner is less than at the middle[ As coating thickness
increases\ there is an increase in the time of start of air
gap formation both at the corner and at the middle of
the metallic mold[

Danes et al[ ð02Ł have studied the in~uence of the
capillary gas traps during the metal solidi_cation on a
level wall[ This study is centered on the capillary trapping
at ambient atmosphere[ The insulate coating at the
liquidÐsolid interface is discontinuous gaseous[ With a
speci_c contact fashion between liquid and solid and a
regular two!dimension surface roughness kind\ they have
studied the in~uence of\ the wall roughness surface\ the
super_cial tension of liquid and the contact angle between
gasÐliquidÐsolid[ They show that the solidi_cation starts
at the gasÐliquidÐsolid contact point[ In the beginning
the phase change boundary is inclined and becomes hori!
zontal later[ Thermal contact resistance increases when
the surface curvature and the solidi_cation speed
increase[ When the volume of the metal is not simply
convex but limited by an inner and an external wall\ if
the solidi_cation starts from the inner wall and _nishes
on the external wall\ thermal contact resistance is greater
than in the opposite case where solidi_cation starts from
the external wall and _nishes on the inner wall[ Thermal
contact resistance is more sensitive\ in the metal sol!
idi_cation case\ to the temperature variation than of the
contact case between two solid metals[
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All the previous studies show the importance of the
appearance and the evolution of thermal contact resist!
ance on the solidi_cation process[ The _rst instance of
this process\ which seem to be determinant in the ulterior
evolution of the thermal contact condition\ are not very
studied[ To have more information on the real contact
conditions\ in the _rst stages of the solidi_cation process
"t − 0 ms#\ we have developed this study[

The establishment of the thermal contact resistance\ in
the _rst instants of contact\ is closely related to the time
of the constriction establishment[ In ref[ ð03Ł\ we have
shown in detail that the constriction phenomenon can be
considered well established for t − 0 ms[ We have shown
also that the establishment time is related to thermo!
physical properties of the mold and casting and the size
of an elementary contact area[ Then\ in this work where
experiment data are available for t − 0 ms\ the classical
scheme of thermal contact resistance can be used[

1[ Principle of experiment and estimation

To simulate casting operation\ a speci_c casting exper!
iment has been developed for the heat transfer study
across the metalÐmold interface[ This experiment consists
in the falling of molten metal drop on a cooled substrate[
The geometric con_guration is shown in Fig[ 0[ Using
this speci_c experiment\ the initial contact time and the
two initial temperatures of casting and mold are perfectly
well known[ This experiment can be easily used to analyze
the e}ect of many factors such as substrate surface rough!
ness\ substrate coating\ [ [ [ [

The non!perfect thermal contact between the casting
and the substrate surface is quanti_ed by estimating con!
tinually the heat ~ux and the temperatures on the left
and the right of the drop!substrate interface[ Then if
Tc"a\ t# is the bottom casting surface temperature and
Ts"a\ t# is the substrate surface temperature "mold#\ ther!
mal contact resistance across the interface can be ex!
pressed as]

Fig[ 0[ Geometric con_guration[

R"t# �
Tc "a\ t#−Ts "a\ t#

8int "t#
"0#

where 8int"t# is heat ~ux density through the interface[
In a _rst step\ the incoming heat ~ux through the

substrate 8int"t# and the substrate surface Ts"a\ t# are esti!
mated by solving inverse heat conduction problem in the
substrate region[ This procedure uses measured tem!
peratures inside the substrate as additional information[
The position of sensors close to the substrate surface is
essential and conditions the temporal resolution limit of
the experiment[ Once the heat ~ux at the interface is
estimated\ in a second step\ the surface temperature in
the casting side is estimated by solving the direct heat
conduction problem with phase change in casting region[
A measured temperature in casting region and the esti!
mated heat ~ux are used as boundary conditions[ To get
temperature measurement in the casting region during
the drop fall\ a thermocouple is stretched in ambient near
the substrate surface[ At the end of the falling process\
this sensor _nds itself drowned in solidifying metal[

1[0[ Substrate surface temperature and heat ~ux esti!
mation

The inverse problem of interest consists in determining
the heat ~ux or the temperature at the active surface
of the substrate\ "x � a# see Fig[ 0\ from temperature
measurements at _xed locations inside the substrate[ For
the non!linear case\ the unknown functions Ts"a\ t# and
8int"t# need to be determined from the following math!
ematical formulation of the direct problem in the sub!
strate region

rsCps "T#
1Ts "x\ t#

1t
�

1

1x 0ls "T#
1Ts "x\ t#

1x 1\
9 ³ x ³ a\ 9 ³ t ³ tf "1#

Ts "9\ t# � T9"t#\ 9 ³ t ¾ tf "2#

a0Ts "a\ t#−a1ls "T#
1Ts "a\ t#

1x
� U"t#\ 9 ³ t ¾ tf "3#

Ts "x\ 9# � F"x#\ 9 ¾ x ¾ a "4#

with "a0 � 0\ a1 � 9# when estimating Ts"a\ t# and
"a0 � 9\ a1 � 0# when estimating the heat ~ux at the inter!
face 8int"t#[ The boundary condition T9"t# is the tem!
perature history measured by the sensor TC0"t#[ As
additional information temperature histories

fi"t#\ i � 0\ [ [ [ \ N "5#

measured by N sensors installed inside the substrate are
used[

The solution of the boundary problem\ equations "1#Ð
"4# with the temperature or the heat ~ux unknown can
be obtained from the condition of minimizing the mean!
square deviation]
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J"U# � s
N

i�0 g
tf

9

ðTs "xi\ t^ U#−fi"t#Ł1 dx "6#

where Ts"xi\ t^ U#\ fi"t# represent the estimated and
measured temperature at di}erent points in the substrate
corresponding to the thermocouple locations[ The inverse
problem is reduced to minimize the residual functional
"6# under constraints given by the boundary value prob!
lem "1#Ð"4#[ Following ð04\ 05Ł\ we use a parametric rep!
resentation of the function to be estimated in the form

U"t# � s
M

i�0

ui8
k
i "t# "7#

where ui are unknown coe.cients[ In our case\ the chosen
basis functions 8k

i "t# are B!spline functions of order k � 3
"cubic spline#[ The ref[ ð06Ł gives more details on the
properties and the use of the B!spline functions[ The
estimation of the function U"t# is reduced to determine a
set of parameters ui represented by the vector

UT � ðu0\ u1\ [ [ [ \ uMŁT[ "8#

In this case\ the residual functional is reduced to a func!
tion of M variables[

1[0[0[ Minimization procedure
The residual functional minimization with respect to

desired parameters is the most important procedure in
algorithms for solving inverse problems[ To do that\ we
use the conjugate gradient method ð04\ 07Ł[ The suc!
cessive improvements of desired parameters are built as

Us¦0 � Us¦gsDs\ s � 0\ [ [ [ \ s� "09#

where s is the iteration number\ s� is the last iteration
number\ gs is the descent parameter\ Us is the unknown
vector to be estimated\ U � ðu0\ u1 \ [ [ [ \ uMŁT\ Ds is the
descent direction vector\ D � ðd0\ d1 \ [ [ [ \ dMŁT[

The vector of the descent direction is given by]

Ds � −9Js¦bsDs−0 "00#

where

bs �
ð9J s−9J s−0\ 9J sŁ

"9J s#1
\ b9 � 9 "01#

where ð\ Ł is the scalar product[ With the par!
ameterization form\ the gradient of the residual func!
tional "6# is given by the vector

9J � ð9J0\ 9J1 \ [ [ [ \ 9JMŁT[ "02#

In considering the substrate region as N layers with per!
fect thermal contact between them\ see refs[ ð04\ 08Ł\ it
can be shown that the jth component of the vector 9J
has the following analytical expression

9Jj � g
tf

9 0a1c
N
s "a\ t#¦a0ls "T#

1cN
s "a\ t#
1x 18k

j "t# dt\

j � 0 \ [ [ [ \ M "03#

where ci
s "x\ t# is a solution of the following adjoint prob!

lem]

−rsCps "T#
1ci

s "x\ t#
1t

� ls "T#
11ci

s "x\ t#

1x1

i � 0 \ [ [ [ \ N\ xi ³ x ³ xi¦0\ 9 ³ t ¾ tf "04#

ci
s "x\ tf# � 9\ xi ³ x ³ xi¦0\ i � 0 \ [ [ [ \ N "05#

c0
s "9\ t# � 9\ 9 ³ t ¾ tf "06#

ci
s "xi¦0\ t# � ci¦0

s "xi¦0\ t#\ i � 0 \ [ [ [ \ N−0\

9 ³ t ¾ tf "07#

ls "T# 0
1ci¦0

s "xi¦0\ t#
1x

−
1ci

s "xi¦0\ t#
1x 1

� 1ðTi
s "xi¦0\ t#−fi"t#Ł

i � 0 \ [ [ [ \ N−0\ 9 ³ t ¾ tf "08#

a0c
N
s "a\ t#¦a1ls "T#

1cN
s "a\ t#
1x

� 9\ 9 ³ t ¾ tf[ "19#

To estimate gs\ a linear approximation is used ð04Ł]

gs � −

s
N

i�0 g
tf

9

ðTi
s "xi\ t#−fi"t#ŁDTi

s "xi\ t# dt

s
N

i�0 g
t
f

9

ðDTi
s "xi\ t#Ł1 dt

"10#

where DTi
s "xi\ t# is the solution of the following boundary

value!problem in variations

rs

1ðCps "T#DTi
s "x\ t#Ł

1t
�

11 ðls "T#DTi
s "x\ t#Ł

1x1

i � 0 \ [ [ [ \ N\ xi ³ x ³ xi¦0\ 9 ³ t ¾ tf "11#

DTi
s "x\ 9# � 9\ 9 ¾ x ¾ a\ i � 0 \ [ [ [ \ N "12#

DT0
s "9\ t# � 9\ 9 ³ t ¾ tf "13#

DTi
s "xi¦0\ t# � DTi¦0

s "xi¦0\ t#\

i � 0 \ [ [ [ \ N−0\ 9 ³ t ¾ tf "14#

DTi
s "xi¦0\ t#
1x

�
DTi¦0

s "xi¦0\ t#
1x

\

i � 0 \ [ [ [ \ N−0\ 9 ³ t ¾ tf "15#

a0DTN
s "a\ t#−a1ls "T#

1DTN
s "a\ t#
1x

� DU"t#\ 9 ³ t ¾ tf[

"16#

The three di}erent problems are solved numerically using
control volume method ð19Ł[ When all unknowns used in
the iterative procedure\ formula "09#\ are de_ned\ we can
now solve the inverse problem using additional infor!
mation i[e[ measurements[ The measurements are always
noised and their use may give unstable solutions[ In fact
these kind of problems are known to be ill!posed[ On the
other hand\ their solution does not satisfy the general
requirement of existence\ uniqueness and stability under
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small changes in the input data[ To stabilize the inverse
problem solution\ there are di}erent regularizing
methods ð04\ 10\ 11Ł[ The iterative regularization method
is used in our case to solve inverse heat conduction prob!
lems[

1[0[1[ Iterative re`ularization method
The main idea of the iterative regularization method\

ð04\ 05Ł\ consists in _nding a solution of the initial prob!
lem "6# such

Js� ¹ d1 � s
N

i�0 g
t
f

9

s1
i dt "17#

where s� is the number of the last iteration "regularization
parameter#\ d1 is a time integrated measurement error
and si is the standard deviation for each sensor[ We
observe that the regularization criterion is directly related
to the measurement error[ The main di.culty of this
method is the unknown d1[ To estimate d1\ we have chosen
the smoothing technique[

1[0[2[ Smoothin` of measured temperature
In our case we want to smooth a measured temperature

f"ti# by a smooth function f�"ti# in the sense of least
square[ We use the B!splines function of order k � 3[ The
smoothed function is written as

f�"ti# � s
P

j�0

cj8
k
j "ti# "18#

where 8k
i "t#\ i � 0 \ [ [ [ \ P are known basis functions[ If

the smoothing function f�"ti# is obtained\ the integrated
error can be computed as

d1 � g
t
f

9

ð f�"t#−f"t#Ł1 dt � g
t
f

9 $ s
p

j�0

cj8
k
j "t#−f"t#%

1

dt

"29#

where P is the number of parameters ci[ The problem of
smoothing is reduced to estimate the cj coe.cients[

The choice of the optimum number of parameters or
basis functions P� is not a simple question[ For the
moment we choose it by using visual approach[ Indeed\
we start with a small number of parameters and then we
add one by one until the smooth pro_le becomes
unstable[ When we observe that the smoothed curve is in
agreement with the physical evolution of the pro_le and
when it becomes unstable we stop increasing the number
of parameters and we choose the last one as optimal[

1[0[3[ Numerical simulations of smoothin`
Several numerical experiments were carried out to test

the computational procedure for estimating an evolution
of the thermal contact resistance[ The _rst stage was to
simulate the smoothing of measured temperature his!
tories and check the accuracy of estimating the gen!
eralized measurement error d1[

To test the elaborated smoothing technics\ we try to
rebuild a noised temperature pro_le which we know the
d1

ex and the exact pro_le[ To the initial temperature curve
we add a white and normal noise[ The perturbation is
de_ned as B � vTmaxDmax where v is random number
generator ð−0\ ¦0Ł\ Tmax is the maximum temperature
value in the pro_le and Dmax is the magnitude of the
perturbation "in )#[ Our simulations are conducted
using N � 0990 measurement points\ P � 090 number of
parameters\ k � 3 order of B!splines and Dmax � 1)[ We
have smoothed the noised data[ The result of smoothing
is shown in Fig[ 1[ The smoothed pro_le is obtained with
an error of 0[06) and the error of the computed d1 is
less than 0[1)[

The evolution of the residual between noised and
smoothed temperature and exact and smoothed tem!
perature is plotted in Fig[ 2[ We observe that the error of
estimated function is still small in comparison with the
evolution of the added noise[ This result shows that this
approach can be used to smooth real noised data[

1[0[4[ Simulation of surface temperature and heat ~ux
estimation

The second stage was to verify the algorithm for solv!
ing the inverse problem[ In Fig[ 3\ we have simulated the
substrate surface temperature with and without reg!
ularization[ This estimation procedure uses the par!
ametrized form of the unknown function to be estimated
and the computed d1 as stopping criteria\ formula "17#[
With the use of parametrized functions to approximate
the unknown surface evolution\ it is possible to stabilize
a solution of the inverse problem by reducing the number
of approximation parameters P in comparison with the
number of time steps in _nite di}erence grid N[ That
gives the stabilization in the sense of least squares[ But
doing so\ a large enough number P should be used to
obtain a good approximation accuracy[ In our case\ the
ratio N:P was about 09[ One can see in Fig[ 3 that this
ratio is not su.cient to obtain a stable solution of the
inverse problem[ A stable solution was estimated with
the residual criterion "17#[ In Fig[ 3\ we can observe that
the residual becomes large at the end "at time × 9[8 s#[
This di}erence is caused by the end condition given in
the adjoint problem ðequation "05#Ł[ Since the adjoint
variable cs"x\ t# is always equal to zero at tf\ there is no
evolution in the iterative procedure when estimating the
unknown U"t#[

1[1[ Castin` surface temperature estimation

For obtaining the casting temperature pro_le during
the solidi_cation\ it is necessary to solve the heat con!
duction problem with phase change in the casting region[
With the heat ~ux 8int"t# at the interface known\ the
temperature _eld in the casting region can be computed
using the estimated heat ~ux and the measured tem!
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Fig[ 1[ Rebuilt noised data[

perature given by thermocouple TC3"t# as the boundary
conditions[ The numerical procedure is based on the
enthalpy method " _xed grid domain# ð12\ 13Ł[ The math!
ematical formulation of this problem is given by

rc

1Hc "T#
1t

�
1

1x 0lc "T#
1Tc "x\ t#

1x 1\
a ³ x ³ b\ 9 ³ t ¾ tf "20#

−lc "T#
1Tc "a\ t#

1x
� 8int "t#\ 9 ³ t ¾ tf "21#

Tc "b\ t# � Tb"t#\ 9 ³ t ¾ tf "22#

Tc "x\ 9# � Ti
c\ a ¾ x ¾ b "23#

8int"t# is the heat ~ux received by the substrate and Tb"t#
is the temperature measured by the sensor TC3"t#[ The
enthalpy is related to the temperature via]

Hc "T# � g
T

T9

Cpc "u# du\ T ³ Tm

g
T

T9

Cpc "u# du ¾ Hc "T# ¾ g
T

T9

Cpc "u# du¦Lc\ T � Tm

Hc "T# � g
T

T9

Cpc "u# du¦Lc\ T × Tm "24#

T9 is a _xed temperature less than Tm[ From the above
formula "24#\ one can observe a big non!linearity of the
enthalpy as function of temperature at the melting tem!
perature Tm[ Due to the heat jump at the phase change
boundary\ usual numerical methods used to solve such
problems cannot overcome this non!linearity[ Several
authors ð12\ 13Ł have tried to linearize the jump in the
enthalpy at the melting temperature[

In our case we have chosen apparent heat capacity
model to solve the phase problem in the casting region[
The left member of equation "20# can be written as

rc

1Hc "T#
1t

� rc

1Hc "T#
1T

1Tc "x\ t#
1t

� rcCpa"T#
1Tc "x\ t#

1t

"25#

where Cpa"T# is an apparent heat capacity of casting[
The derivative of Hc"T# with respect to temperature is
in_nite at melting temperature point Tm[ To linearize this
jump\ we approximate Cpa"T# by polynomial function of
degrees 4\ in a small temperature interval\ DT\ around
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Fig[ 2[ Comparison between residues[

the phase change point[ To simulate the temperature
jump\ the maximum of the polynomial function must
occur at Tm[ This approximation is written as

Cpa"T# � A9¦A0T¦A1T
1¦A2T

2¦A3T
3¦A4T

4

"26#

with the following conditions

Cpa"T0# � Cps "T0#

Cpa"T1# � Cpl "T1#

dCPa"T#
dT

�
dCps "T#

dT
\ T � T0

dCpa"T#
dT

�
dCpl "T#

dT
\ T � T1

dCpa"T#
dT

� 9\ T � Tm

g
Tm

T0

Cps "u# du¦g
T1

Tm

Cpl "u# du¦Lc � g
T1

T0

Cpc "u# du "27#

where T0 and T1 are given\ respectively\ by
T0 � Tm−DT:1 and T1 � Tm¦DT:1[ CPs"T# and Cpl"T#
represent the heat capacity of solidi_ed and liquid metal
in casting region[ The two _rst conditions show the con!
nection of the apparent heat capacities Cpa"T# with the

solid phase Cps"T# and the liquid phase Cpl"t# heat
capacity of casting[ The six conditions given in formula
"27# allow the estimation of the Ai coe.cients used in the
approximation model\ equation "26#[

To validate this method\ the one!dimensional freezing
problem de_ned in ð14Ł will be used as the test problem[
Thermophysical properties of material and the thermal
conditions considered were

rs �rl �0 kg m−2\ ls �ll � 1 W m−0 K−0

Cps �Cpl �1[4 MJ kg−0 >C−0\ Lc �099 MJ kg−0

Tm �9\ T"x\ 9# �6>C\ T"9\ t# �−6>C

T"x\L# �6>C\ DT�1>C\ L�0 m[

The result of the simulation is shown in Fig[ 4[ The
maximum di}erence between computed and analytical
solution is less than 0[1>C[ The error of computed tem!
perature is about 9[31)[ This result allows us to use such
a method in our estimation[

2[ Conclusion

From the above work\ it can be summarized that the
principle of a speci_c experiment and numerical algorithm
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Fig[ 3[ Regularization e}ect on the stabilization of the solution[

Fig[ 4[ Simulation of solidi_cation in half space[
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were developed to estimate the thermal contact con!
ditions\ as a time function\ during the early stages of
solidi_cation during continuous casting[ The drop!sub!
strate experiment created to simulate experimentally the
casting conditions allows us to analyze the phenomenon
of the establishment and evolution of the thermal contact
resistance during the initial period of contact[

First obtained results show good enough e.ciency of
the developed computational tools[ A numerical pro!
cedure is built to estimate the heat ~ux at the interface and
the two surface temperatures of casting and substrate[ To
obtain heat ~ux and the substrate surface temperature\
the inverse heat conduction problem is solved in the sub!
strate region[ To stabilize the solution of the inverse prob!
lem\ we have smoothed the temperature measurements[
Numerical simulations have shown that we can get d1

with 4) error[ We have shown that the use of par!
ametrization is not su.cient to stabilize solution[ Its use
without any regularization criteria leads to unstable solu!
tions[

The tools developed here can be used to set up an
accurate experiment and to study the thermal contact
resistance at the interface between solidifying metal and
the mold[ The in~uence of di}erent factors such as tem!
perature\ casting duration\ lubrication type\ surface
roughness\ thermal conductivity of material mold and
metal casting\ pressure\ wetting of the mold wall and
other factors will be analyzed in the next paper[ All these
factors are going to increase the complexity of thermal
contact resistance in metal casting[
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