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Reaumat. Se arat particularititiie modeérii matem atice
a solidificirii pieselor turnate centriugal. Sprezing
principiul modelfrii matematice 2D a solidifiii
pieselor tubulare turnate centrifugal. Modelul mattc
utilizeazn coordonate cilindricgi se bazeazpe metoda
diferertelor finite. Particul arizarea eduéor care stau la
baza modelului matematic se face in fimde tipulsi de
compoziia chimid a aliajului.
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Abstract. The paper discusses the particularities of the
mathematical modelling of centrifugally cast pantidsfy-
cation. The principle of 2D mathematical modelling
centrifugally cast tubular part solidification isspented. T he
mathematical model uses cylindrical coordinates &nd
based on the method of finite diferences. Theqaarisa-
tion of the equations underlying the mathematicatieh is
achieved by type and composition of the dloy.
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1. Introduction
The mathematical modelling of centrifugally
cast tubular part solidification consists in expieg

a proceselor termice din ansamblul formei dein form of equations the thermal processes taking

turnare, in timpul acirii si solidificarii aliajului
lichid. Modelarea matemati@ solidificarii pieselor

turnate centrifugal are ca obiectiv realizarea unoobjective of the mathematical

programe destinate simadli solidificare acestor
piese. Modelarea matematigi programele pentru
simulare permit efectuarea unor stydicercetri in
urmatoarele scopuri:

determinarea duratei de solidificarg de
extragere piesei solidificate;
determinarea debitului de aliaj lichid pentru

turnare;
- simularea solidifigrii piesei si vizualizarea
campului de temperatur si a deplasrii

frontului de solidificare;

dimensionarea corech stratului de amestec de
formare sau de vopsea de pe supaafa
interioaf a formei de turnarg a condiiilor de
racire a exteriorului formei de tumnare;

stabilirea regimului termic de lucru al cochigei
a caderei de lucru in cazul prodtiei de serie.
analiza tensiunilor termice din piesele tumngite
prevenirea condilor de apariie a fisurilor in
piesele turnate.

2. Particularitati ale turnarii centrifugale
Piesele tubulare turnate centrifugal prewzint

place in the casting mould assembly during cooling
and solidification of the cast liquid alloy. The

modelling of

solidification is the development of simulation

software of the cast part solidification process.
Mathematical modelling and simulation software
allow the performing of studies and research fer th

following purposes:

- determine the duration of solidification and

extraction of the solidified part;

- determine the liquid alloy flow rate in casting;
simulate part solidification and visualize
temperature field and movement of the
solidification front;

correctly dimension the layer of moulding sand
or paint on the interior surface of the mould, as
well as of the cooling conditions of the casting
mould exterior;

establish the thermal operational parameters of
the chill and the working tact for series
production;

analyze the thermal stress in the cast parts and
prevent the generation of the condiions for
occurrence of cracks in cast parts.

2. Particularities of centrifuga casting

Centrifugally cast parts feature certain

cateva particulariti geometricesi tehnologice care geometrical and technological particularities that
impun aplicarea unor modele matematice specialeequire application of special mathematical models
pentru simularea solidifiwii. for the simulation of solidification.
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Particularititile geometrice sunt: The geometrical particularities include:
- simetria de rotie, - rotation symmetry,
- prezema unei caviiti cilindrice la interior cu - the presence of interior cylindrical cavities of
diametru constant peta@aungimea. constant diameter over the entire length.
Suprafaa exterioai poate avea diametru The exterior surface can also have a constant
constant pe toét lungimea sau poate prezentadiameter over the entire length, or a stepped
diametre in treptesa cum este &at in figura 1. diameter, as shown in figure 1.
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Figura 1. Piese tubulare cu profil exterior, tuenegntrifugal
Figure 1. Tubular parts with external profile centyally cast

Particularititile tehnologice mai importante The more important technological particularities
sunt: include:

- oltinerea golului interior&a miez; - coreless obtaining of the interior cavity;

- umplerea formei, solidificared racirea piesei - filling of the mould, solidification and cooling
se realizeaxin timp ce forma se rof® cu o of the part take place while the mould is
turaie ridicata. spinning at high speed;

Aceste particulariti determira la randul lor These particularities determine on their tumn
particulariati privind transferul de adura in particularities conceming the heat transfer in the
ansamblul pigs- forma de turnare. Astfel: part — mould assembly. Thus:

- transferul de @dura prezinti 0 asimetrie accentdat - the heat transfer is strongly asymmetrical along
in diredie radiad a pieselor, coeficientul de the radial direction of the part, as the thermal
transfer termic la suprataexterioak a pieseifiind transfer coefficient at the exterior surface of the
mult mai mare decét la suprgdanterioai; part is significantly larger than at the interioren

- transferul de@dura are loc in prezea acgiuniifortei - heat transfer takes place in the presence of the
centrifuge, care deterndifin zona aliajului lichid, un centrifugal force, that determines in the area of
transfer de masa aligjului lichid cu temperatar the liquid alloy a mass transfer of the liquid gllo
mai mié si densitate mai mare, de la suptafa of small temperature and high density from the

interioad spre suprafia exterioak a piesei; interior tothe exterior surface of the part;
- solidificarea piesei este dirifaide la exterior spre - part solidification is directed from the exterior
interior. inwards.

In cazul pieselor tubulare turnate centrifugal In the case of tubular centrifugally cast parts
transferul de @&ldura in ansamblul formei de turnare heat transfer in the assembly of the casting misuld
se realizeazprin urmitoarele mecanisme: achieved by the following mechanisms:

- convecie fortatd la suprafga exterioad a - forced convection at the exterior surface of the
formei; mould;

- condudie termi@ n peretele crustei solidificate - thermal conductivity in the wall of the soliditle
si in peretele formei de turnare; crust and in the wall of the casting mould;

- radigie la suprafea interioad a piesei; - radiation at the interior surface of the part;

- transporn de mas;i inclusiv de @ldura in stratul - mass transport including heat transport in the
de aliaj lichid (plasat spre interiorul piesei) layer of liquid alloy (located towards the
nca nesolidificat la un moment dat. interior of the part), ill not solidified at a

given time.

Radiaia de la suprafa interioai a pieselor Radiation at the interior surface of tubular parts
tubulare este relativ reduglatoriti faptului @ se is however very reduced, as it takes place in a
destisoani intr-un spdu relativ inchis. relatively closed space.
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Transferul de &ldura prin transport de masre
loc datoritt adiunii fortei centrifuge mai mari, care
agionea? asupra particulelor de aliaj cu temperatur
mai mia si densitate mai mare. Dapumplerea
formei, stratul exterior de aliaj lichid in contacti
forma (cochila metali) schini intens d@ldura cu
aceasta, seicete rapidsi se solidific rapid. Stratul
de aliaj lichid de pe supratainterioad a piesei
schimla cildura cu aerul din interior (prin convee
fortata si prin radigie). Viteza cu care seicege
stratul periferic de la interiorul piesei este mmailt
micid decéat viteza cu care sécegte stratul de la
exteriorul piesei, aflat Tn contact cu forma metali

Heat transfer by mass transport takes place due
to the effect of the larger centrifugal force tlzats
upon the lowtemperature and high density particles
of the alloy. Upon filling of the mould, the exteri
layer of liquid alloy in contact with the mould
(metal chill) intensively exchanges heat with i,
cools and solidifies rapidly. The layer of liquid
alloy at the interior surface of the part exchanges
heat with the air at the interior (by forced
convection and radiation). The cooling rate of the
peripheral layer at the interior of the part is
significantly smaller than that of its exterior dayin
contact with the metal mould. Nevertheless, the

Totwsi temperatura stratului de la interior scade, iatemperature of the interior layer decreases white t

densitatea metalului din acest strat stee Fiind

metal density in this layer increases. Being subjec

supus unei fage centrifuge mai mari acest strat to a larger centrifugal force this (interior) layer

(stratul interior) este Tmpins spre exterior, iacul

pushed outwards, being replaced by warmer layers

lui este luat de straturi mai calde provenite dincoming from the centre of the part wall. An
mijlocul peretelui piesei. Intre aceste straturi seequalization of temperature is achieved between
realizeaZ o egalizare a temperaturii. Ca urmarethese layers. Consequently part solidificationtstar

solidificarea piesei incepe de la suprafde contact
cu forma metali iar frontul de solidificare se

deplaseaz continuu de la exteriorul piesei spre part exterior to its interior,

interior. In acest timp temperatura lichidului din
straturile interioare ale piesei se uniformizeasre
loc astfel un transport de nméiasi de cldurd n
straturile lichide de la interior care influeaz

at the contact surface with the metal mould, ard th
solidification front continuously moves from the
while a uniform
temperature of the liquid in the interior layers is
reached. Thus a mass and heat transport occurs in
the liquid layers fromthe interior that influendée
solidification process. At the same time the

derularea procesul de solidificare. Uniformizareaachievement of a uniform temperature of the liquid

temperaturii lichidului la turnarea centrifugadste
in acelai timp cauzai si de micarea de rote&e a
aliajului lichid cauzai de rotirea formei.

3. Ipotezele modd ului matematic

Modelarea matematica solidificirii pieselor
tubulare turnate centrifugal prezintavantajul
simetriei de rotge a pieselor. Aceastgeometrie

in centrifugal casting is due also to the spinmiifig
the liquid alloy, caused by the rotation of the haou

3. The hypotheses of mathematical moddling
The mathematical modelling of centrifugally

cast tubular parts benefits from the advantagéef t

rotation symmetry of the parts. This geometry

permite utilizarea unor modele matematice Tnallows the utilization of mathematical models in

coordonate cilindrice. Acedst particularitate

cylindrical coordinates. T his particularity simdié

simplifici modelul matematic. Tn cazul pieselor the mathematical model. In the case of cylindrical

cilindrice profilate la exterior (figura 1) se pot
utiiza modele matematice 2D

parts profiled at the exterior (figure 1) 2D

in coordonatemathematical models in cylindrical coordinates can

cilindrice. Astfel se reduce foarte mult timpul de be used. This significantly reduces the actual

lucru efectiv al calculatorului pentru simulareaiun
proces (in raport cu modelele 3D).

Grosimea mig a peretelui pieselor, comparativ
cu diametrul interior, permitéise asigure (chiar la
pas constant al grilei de divizare a piesei) comdi
de convergeta pentru ca la simulare, sistemalrsu
intre In oscilge. Singura particularitate care
creeai dificultate la abordarea modeil procesului
de solidificare in cazul tuamii centrifugale cong
Tnh modelarea transportului de mds aliajul lichid
la interiorul piesei.

computer operation time for process simulation (in
comparison to 3D models).

The small thickness of the part wall, compared
to the interior diameter, faciltates (even for a
congtant increment of the part section dividing
raster) achievement of the convergence condition,
such as to prevent system oscillations in simuiatio
The only particularity creating difficulties in
modelling ofthe solidification process in centgél
casting is the modelling of heat transport in the
liquid alloy at the interior of the part.
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Modelul matematic realizat de autori pentru

simularea solidifigrii pieselor tubulare turnate

centrifugal ia Tn considerare uitoarele ipoteze:

- umplerea formei se realizeanstantaneu;

- schimbul de &durd intre piesd si mediul
Tnconjuitor (forma, api, aer) se produce exclusiv
prin suprafga laterad a semifabricatului;

The mathematical model of the solidfication of
centrifugally cast tubular parts developed by titb@rs
takes into consideration the following hypotheses:
instantaneous filling of the mould;
the heat exchange between part and environment

(mould, water, air) takes place exclusively
through the lateral surface of the part;

- piesasi forma se impart in elemente de volum- the part and mould are divided into concentric

inelare, concentrice, de grosimesi de lungime
A;

volumele elementare sdicescsi se solidifia
independent;

se neglijeaz contragia volumici la racire si la
solidificare;

intre elementele vecine existontact perfect pe
toatd durata solidifidrii;

intre elementele vecinéldura se transmite numai
prin conductibilitate;

ca urmare a transportului de ra&s aliajul lichid

ring-shaped volume elements of width and
lengthA;

the elementary volumes cool and solidify
independently;

- the volume contraction in cooling and
solidification is neglected:;

neighbouring elements are in perfect contact
throughou the entire duration of solidification;
between the neighbouring elements heat is
transmitted only by conductibility;

- conseguently to mass transport with in the liquid

de la interiorul piesei, se produce permanent o alloy from the interior of the part, a permanent

egalizare atemperaturii straturilor interioare;
transportul de masare loc numai in diree
radiak;

transportul de masare loc numai intre straturile
in care temperatura cte cu crgerea razei
(temperatura ckee de la interior spre exteriorul
piesei);

straturile de aliaj lichid in care temperaturade
Cu craterea razei nu participla transferul de

equalization of the temperature of the interior
layers takes place;

- masstransport occurs only in radial direction;

- mass transport takes place only between layers in
that temperature increases with the radius
(temperature increases from the interior to the
exterior of the part);

- the layers of liquid alloy in which temperature
decreases with the increase of the radius do not

magi deoarece in aceste draturi densitatea participate in masstransfer, as in these layarsth

aligjului lichid si forta centrifug sunt mai mari
in straturile plasate la exterior.

4. Ecuatiile de baza ale modd ul ui

matematic

In figura 2 este prezentatschema diviarii
ansamblului pies — forma care si la baza
modelului matematic 2D cu difergnfinite pentru
solidificarea unei piese tubulare turheentrifugal.

Ansamblul pies - forma se imparte in elemente
inelare de grosimeA si de lungime A. Raza
interioaid a unui element estg,, iar raza exterioar
ester; asa cum se aratin figura 3. Relaa intre
razele unui element estg, =r; + A. Poztia unui
element este precizaprin dod coordonate i, Tn
diregia razei si “j” in direaie longitudinad.
Elementele sunt numerotate deila 1 la lai = N,
de la interior spre exteriogide laj =1 laj =M in
diregia axei longitudinale. Raza interidgaa piesei
esteR,.

Raza exterioar a formei este R. unde
Ri = ro + N'A. Raza exteriodr a piesei ese
Rr = Ry + Np'A, undeNp reprezini numarul de

density of the liquid alloy and the centrifugal
force are higher in the exterior layers.

4. The fundamenta equations of
mathematical moddling

Figure 2 shows the division of the mould — part
assembly underlying the finite differences 2D
mathematical model of centrifugally cast tubular
part solidification.

The part — mould assembly is divided into ring-
shaped elements of thicknedsand lengthA. The
interior radius of an element is;, and the exterior
radius isr; as shown in figure 3. The relationship
between the radii of an elementris =r; + A. The
posttion of an element is given by two coordinates,
»1” on the direction of the radius and”*in
longitudinal direction. The elements are numbered
fromi =1to lai =N, from the interior outwards, and
fromj=1toj =M in the direction ofthe longitudinal
axis. The interior radius of the part ig R

The exterior radius of the mould K, where
R = ro + NA. The exterior radius of the part is
Rr =Ry + Np-A, whereNs represents the number of
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elemente in care este divizategiunea transversal elements into which the transversal section through
prin pied. Modelul ia in considerare transmitereathe part is divided. The model takes into
caldurii intre elementele vecine pe ditiecradial si consideration heat transmission between the
axiah ntr-un interval de timp finits. neighbouring elements in radial and axial direction
over a finite time intervai.
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Figura 2. Divizarea piesei in elemente inelareuthgime finiei A, in cadrul modelelor 2D in coordonate cilindrice
Figure 2. Division of the part — mould assemblyhia case of 2D models in cylindrical coordinates
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Figura 3. Schema egali@ temperaturii la interiorul piesei turnate canare a transferului de nias
Figure 3. Schematic of temperature equalizatiahatinterior of the part consequently to mass fans
La un moment oarecatg = k-t, starea fiegrui At any momentt, = kt, the state of each

element numerotat prin indiciii,si ', este element numbered alongthe radius by indean'tj”
caracterizat prin temperaturail’i'j‘ si prin fragia de is characterized by temperaturé’i}‘ and the
solid Ei'}. La momentul inial (k = 0) starea solidified fraction&!‘j.At the initial moment K = 0)
elementelor este caracterizaprin temperatura the state of the elements is characterized by the
initiala Ti? si fractia de soIidEi?. initialtemperaturél’i? andthe solid fractioﬁioj :
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Modelul matematic are la baz ecuaia

The mathematical model is based on the

diferentiala a consergrii energiei termice pentru differential equation of thermal energy consernvatio

fiecare elementi”si j”,
elementar, conform reldei:

(AQceq)if = (AQM)

unde AQ.y reprezini caldura transmii prin
condugie sau convate de un elementi; " catre
elementele invecinate in intervalul de timpla
momentul 7, iar AQ,, reprezint varigia caldurii
masice a elementului respectiv in agiellaterval de

timp, ca urmare a vatiai temperaturii de IaTk la

T"Jrl si a fraaiei solidificate de IaE,j la Ek+1.

Caldura transmis de elementul inelari; j
elementelor invecinate intr-un interval de timpa
momentulr,, este exprimatprin relgia:

(AQgeq)S ={[( i) T

pentru un interval de timp for each finte element “i and j”

K K ek
—Tizqj) Oig + @e)ij UT;;

, over an elementa
time intervak, according to equation (1):

(1)

where AQ.y represents the heat transmited by
conduction or convection by an elementj* to the
neighbouring elements over atime intenval moment

T, andAQ,, represents the variation of mass heat of that
element in the same time interval, consequentiheo

variation of temperature froﬁﬁi'-‘ to Tik’rl and of the

solidified fraction fromEI | to Ek+1 .

The heat transmitted by the ring-shaped element
to the neighbouring elements in a time intemal
at moment,, is expressed by equation (2):

~Tif)] 2TAT

(2)

x[(@g)f N T o) + @ g)f O K -T ] 2nl o 1y o

unde a;,, 0e, Og, Og reprezini coeficierii de

where a;, Oe, Oy Oy represent the coefficients of

schimb termic cu elementele vecine din interior, deheat exchange with the neighbouring elements to
la exterior, de la stangarespectiv de la dreapta al the interior and exterior, respectively of element

elementului T; j” la momentuk,

Variatia cildurii masice (AQm)E‘j a unui
element 1; j” ca, urmare a varigei temperaturiisi
(sau) a fragei solidificate in intervalul de timp se

exprima n fungie de temperaturiﬁi'j(, de fragia de

solid Ei'J‘ a elementelor la momentl si de valorile

finale ale acestor mimi T* i a

momentul t,,,. Varigia cldurii masice a unui
element se exprimprintr-o relaie de forma:

Ek+1 I

(AQm)ﬁ =2nl_y mzpij (c;; EﬂTilj(
undec; reprezint cildura specifid a elementelor,

iar L caldura latent de solidificare.

Inlocuind relaiile (2) si (3) n relaia (1) se
ohltine relaia detaliai care g la baza modelului
matematic.

{[((] n).,EﬂT” —:Lj)m—l-l-(aex)ljm J+1)]|]+

-TEH Ly ek -],

“i,j” at momentr,.
The variation of the mass heeQO)i'j‘ of a

finite element T, j” consequently to the variation of
temperature and/or the solidified fraction durihg t
time intervalt is expressed in dependence on the

temperatureTiﬂ-‘ and the fraction of soIi(ﬂ(j of the

elements at time, and on the final values of these

quantities, namerTk+1and Ek+1 at momentry,..

The variation of mass heat of one element is
expressed by a relationship of the form of equation

(3)

wherec; represents the specific heat of the elements
andL; the latent solidification heat.

Upon replacing equations (2) and (3) in
equation (1) the detailed relation underlying the
mathematical model is obtained.

(4)

+(ag) TN ~T5_p) + @ge ) T T )1 Bt =risg Ay TG WG -Ti ) + Ly & -£5)]

Pentru simularea procesului de solidificare din

ecuaia (4) se determinh mai intai frada de solid

E!‘-+l. Apoi in fungie de rezultat se deterndin

temperaturai’k+1.

For simulation of the solidification process, at

first the solid fractionE!‘j+1 is determined from

equation (4). Upon which temperatuﬂw;e'f+1
determined in dependence on the result.
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La rezolvarea modelului matematic ngda(3)
si respectiv (4) se particularizeain fungie de tipul
si compoziia chimia a aliajului. La
particularizarea @ddurii masice (AQm)ij, in cazul
aliajelor eutectice se intalnesc 9 sitiuaare sunt
determinate de pamtemperaturllor'l'” i Tk+l

raport cu temperatura eutedi¢solidus) (Tg);; a

elementului pentru care se rezblcuaia de bilan
termic.

In solving the mathematical model equations
(3) and (4) respectively are particularized in
function of the type and chemical composition of
the alloy. The particularization of the mass heat

(AQm)ikj for eutectic alloys can be broken down
into 9 situations determined by the positions of

temperaturesTk and Tk+1 in relation to the
eutectic (solidus) temperatu(@);; of the element

In cazul aliajelor hipoeutectice (situatefor which the equation of thermal equilibrium is

deasupra orizontalei eutectice), pentru exprimareaolved. In the case of hypoeutectic alloys (located

caldurii masice cedate de un eIeme(QO)E‘j se

intdlnesc 16 situa care sunt determinate de poai

Tk+1

temperaturilor Ti'f sl T in raport cu

temperaturile soIidus(TS)ij si lichidus (T,_)ijale
elementului pentru care se scrie e@uale bilan
termic. In cazul aliajelor cu transformare peritetct
(de exemplu eeluri) se intdlnesc 25 de sitiigin

functie de pozia temperaturlloer si T,J"+1 7

raport cu temperaturile solidugTs);; si lichidus
(ﬂ_)ij si de temperatura periteciiic(Tp)ij ale

elementului pentru care se scrie e@uale bilan
termic. Aceasta aratca modelele matematicei
respectiv programele pentru simularea solidriic

sunt mult mai complexe h cazul pieselor tumate di

otel decét in cazul pieselor turnate din font

Introducerea acestor expresii
caldura masié (relaia 3) si caldura transmis prin

above the eutectic horizontal), in order to express

the mass heat ceded by an eIem(amgm)E‘j, 16
situations are encountered, determined by the

positions oftemperature'ls'j‘ andTi'j‘Jrl

to the solidus (Tg); and liquidus (T,);;

temperatures of the element for that the equation o
thermal equilibrium is written. In the case of gko
with peritectic transformation (lke steels) 25
situations are encountered depending on the

position of the temperature&fk and Tk+1 in

in relation

relation with the solldus(TS)ij , liquidus (TL)ij and
peritectic(Tp),; temperatures of the element for that

the equation of thermal equilibrium is written.
These considerations show that the mathematical
models and the solidification simulation software,
respectively, are significantly more complex for

matematicesteel castings than for cast iron ones.

Replacing these mathematical expressions of

condugie (relgia 2) in relaia (1) pentru fiecare din the mass heat (eq. 3) and of the heat transmijted b
situaii, conduc la sisteme de 9, 16 sau respectiv 2&onvection (eq. 2) into equation 1 for each of the
de ecudi, care trebuie rezolvate pentru fiecare situation yields systems of 9, 16 or 25 equations,
elementsi pentru fiecare interval de timp. Aceste respectively, that have to be solved for each edtme

sisteme se pot rezolva numai numeric cu ajutoruand for each time interval. The solving of these

calculatoarelor. Prin rezolvarea succésjpentru
fiecare interval de timp, si pentru fiecare strat a
acestor ecua, se determid valorile fraaiei
solidificate si ale temperaJturiiEikj+ si 'I',k+1 pentru

fiecare element al piesai al formei, la fiecare
moment.

Elaborarea unor modele matematic mai precise

trebuie & tina cont de transferul de ma# aliajul
lichid de la interiorul piesei.
fiecare interval de timp trebuie & se determine

k+1)

temperatura aliajului I|ch|d( care rezuli

dupd  uniformizarea temperaturii
respectivesi care constituie temperatura tiaia
pentru intervalul de timp uritor.

In acest caz &up

straturilor

systems can only be numerical and computer aided.
By successive solving of these equations for each
time intervalt, and for each layer, the values of the

solidified fraction and temperaturék " andi+1

are determined for each element of the part and
mould, at each moment of time.

The development of more accurate mathematical
models needs to take into account the mass transfer

the liquid alloy from the interior of the part oamds.
In this case, after each time intervédhe temperature

of the liquid alloy, (Tk 1) needs to be determined,
resuting upon equalization of the temperaturehef t
respective layers, and that represents the initial
temperature for the next time interval.
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Transferul de massi egalizarea temperaturii se Mass transfer and temperature equalization is
realizeaZ in straturile care verificcondiia: achieved in layers satisfying the following
condiion:

k+1 k+1
T =T ®)

Considerand & aceast relaie se verifia Considering that this equation is satisfied for
pentru 1< i < u, se scrie relza de bilan termic 1 <i < u, the equation of thermal equilibrium is
corespunaor transferului de masintre straturile written for the layers (1 + u) based on the

i (1 +u) pe baza schemei din figura 3. schematic of figure 3.
i=u
2 K+l _ k+1 2
> 2nlh; ¥ ip o T ™ = (FY) Dzlc” (2ms; [ [y (6)
= |
De aici temperatura straturilor interioare, From here the temperature of the interior

i 0(1 +u), dup transferul de mas care congtituie layers,i [I(1 +u), after mass transfer, representing
temperatura iniala a elementelor la momentul the initial temperature of the elements at the next

urmator este: moment is:
i=u
k+1
» 21 (o
(T|J — I—:I.i = (7)
2.1 [
i=1
5. Concluzii 5. Conclusions
Datorita transportului de massi de aldura Due to mass and heat transport the

modelul matematic pentru solidificarea pieselormathematical model for the solidification of
turnate centrifugal este mai complex decat modelutentrifugally cast parts is more complex than that
pentru solidificarea pieselor turnate grawdémal. for gravitational castings. Utilization of 3D
Pentru simularea solidificii pieselor cu geometrie mathematical models is required to simulate the
asimetri@ turnate centrifugal in forme cu plan de solidification of parts of asymmetrical geometry
separde si ax de rotde vertical este necesat se  centrifugally cast into moulds with a separation

utilizeze modele matematice 3D. plane and vertical rotation axis.

Pari in prezent in literatura de specialtate nu  To date literature does not include references
se intélnesc referia privind simularea solidifiii on the simulation of centrifugally cast par
pieselor turnate centrifugal. solidification.
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