O NOUA FORMULA DE CALCUL A A NEW FORMULA FOR
CONSTANTEI DE SOLIDIFICARE COMPUTING THE CASTING
A PIESELOR TURNATE SOLIDIFICATION CONSTANT

Crigind MORTICI", Mirda MORTICI™
” Valahia” University of Targowte, Romania
™ Voievodul Mircea” High School, Targoste, Romania

Rezumat. Este stabild urmitoarea formul pentru  Abstract. It is established the following formula for

calculul constantei de solidificare: computing the solidification constant
‘= bsyma as(Tgne ~Tc) ‘= bsyma as(Tgne ~Tc)
bsyas (Tame = Tc) + b vaL (Tome ~Tame) bsyas (Tame = Tc) + b yaL (Tome ~Tame)
folosind dezvolirile in serie ale funtei exponerialesi a using the expansions in power series of the expa@ien
functiei erorilor. function and error function.
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1. Introducere 1. Introduction

O problend important in procesul de turnare An important problem in casting is the problem
este aceea de agj formule cat mai precise pentru of finding more precise formulas for computing the
calculul constantei de solidificare. solidification constant.

Constanta de solidificare are vatiiiarelativ The solidification constant has large variations
mari in funcgie de natura aliajulugi in fungie de in function of the alloy nature and in function af
numeragi alti factori. lot of other factors.

In lucrarea de fid se folosgte relaia pe care o In this work it is used the relation involving the

satisface constanta de solidificare, ca o congeain solidification constant, which is a consequence of
formulelor care dau expresia analitiStephansi the formulas for analytic expressions Stephan and
Schwarz a campului de temperatuin forma de Schwarz of the temperature field from the mould. In

turnare. Este vorba de uitnarea relge: fact, the following relation holds:
k? k?
JTt e 4@s e 4@L
oL H_?[lkzbs {Tame ~Te)B——— b UTome ~Tare) B——F——. 1)
k k
ef| —— l-ef| ——
{2 ag J {2 aL J
(de exemplu [1, 3]), unde: (e.g. [1, 3]), where:
- pL este densitatea aliajului lichid - p is the liquid alloy density
- L este dldura lateni specifi@ aliajului - L is the specific latent heat of alloy
- bs este coeficientul de acumulare aldarii a - bs is the heat accumulation coefficient of the
aliajului solidificat solidified alloy
- Tsme €Ste temperatura solidus a aliajului - Tsme is the solidus temperature of the alloy
- T¢ este temperatura de contact la intgrfa - T¢ is the contact temperature at the interface
- as este coeficientul de difuzibilitate termiia - as is the thermal diffusivity coefficient of the
aliajului solidificat solidified alloy
- b, este coeficientul de acumulare aldarii a - b_ is the heat accumulation coefficient of the
aliajului lichid liquid alloy
- Tome €Ste temperatura tidla de turnare a aliajului - Tome is the initial temperature of the liquid alloy
- a_ este coeficientul de difuzibilitate termdii@a - a_ is the thermal diffusivity coefficient of the
aliajului lichid liquid alloy
Are loc mereu inegalitatedsne > Tc, dsi It allways holds the inequalifsye > Tc, even if

acestea au valori apropiate in general. In caloule these values are closed each other. In calculations
se poate considerd T gy = Tc, deoarece in refa we cannot consider thdlg, = T, because in the
(1) ar disgrea primul termen din membrul drept  relation (1), the first term in the right side will
astfel rezuli relaia imposibik: vanish and the result is an impossible relation:
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avand Tn vedereicmembrul stadng este pozitiv, iar taking into account that the left side is positare
membrul drept este negativ. the right side is negative.

Desi sunt date metode pentru calculul However, there are given other methods for
constantei de solidificare Tn ipoteda, = Tc (de  computing the solidification constant under the
exemplu n [2]), iar verifigrile practice se dovedesc hypotesisTse = Tc (€.9. [2]), but nevertheless, the
a fi in concordatdi cu formula okinuti, este de practical verifications are in concordance with the
preferat a stabili formule pentru calculul conséant deduced formula. Because of this, other formulas
de solidificare bazate pe considerarea cazuluilaeal must be established for computing the solidifiaatio

careTgne > Te. constant, under the general assumptionTigat> Tc.
o 2. Main Result
2. Rezultatul principal In order to express the solidification constlant

Pentru a exprima constanta de solidificadin  from the relation (1), the formula of power series
relatia (1), se utilizeaz formula de dezvoltare in for the exponential function will be used:
serie a fungei exponetiale:

o1
Z—, , xOR, (3)
si formula pentru funga erorilor and the formula for the error function
erf (x) =— 5 (L x4 x[R. 4
(¥ = f DZO @ +1) (4)
Prin Tmpirtirea relaiei (1) cu p [L \/?[ By dividing the relation (1) by, [L [—I\/;[ the
obtine result is
k2 k2
g “da,
k=00 © +B03 € (4)
erf L 1-ef
2 aS 2\/—
In carea si B au semnificdile urmatoare wherex si  stand for
_ 265 (Tame ~Tc) _ 20 (Tome ~Tame)
a= . B= (5)
pLLVm pLLVm
Prin inlocuirea relgilor (2) si (3) in (4) se By replacing the relations (2) and (3) in (4), the
obtine result is

i i
Sy K $f_ K
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Avand in vedereiseriile de puteri utilizate au Taking in consideration that the power series
viteza de convergen foarte rapid, acestea se pot used have fast convergence speed, these series coul
aproxima cu primii doi termeni ai figeiasi astfel be approximated with the first two terms of each
relatia (6) devine series and consequently, the relation (6) becomes

(6)
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Prin aducere la acglanumitor By computing the common denominator
1 1 2 1 4 1 1 1 3
— | =&k —— = 1-— [k — K> || =
\/?[[ﬂas 12a51¢as JE% \/?[[,laL 12a|_,¢a|_ J
(8)

:a[l—k_zJ ST +[3[-|—[E kZJ Dot 3
dag Jr|Ja, 12a|_\/§ 4a, | Jas = 12agas |

In relaia anterioa¥, prin Tnmutirea In  previous relation by factoring the
parantezelor, pentru gherea unui polinom Trk, expressions, in order to obtairkgolynomial, the
rezulti un polinom de gradul al 7-lea. Luand inresult is a 7-th degree polynomial. Taking into
considerare & puterile de ordin superior ale lki account that the higher powers lofare closed to
sunt comparabile cu zero, acestea pot fi ignoriste d zero, the other terms could be ignored. More
relatie. Tn mod concret, décse ignoi puterile de  precisely, if the terms containing the powerskof
ordin mai mare sau egal cu 3, atunci sgneh du@i ~ greater than or equal to 3 are ignored, then after
inmukire cu m, urmitoarea ecuge de gradul al multiplying with =, the result is the following

doilea: quadratic eqguation:
LoV
—_ Ll — L _|k-aJm=0. )
Deja termenul care cédne k® are coefiC|entuI Even now, the coefficient of the term
foarte apropiat de zero, neglijalsi,anume: containingk®is closed to zero, practical neglijable:
1 . a . a 3 B 3 B K3 (10)
T,/asga 12a|_,1Tra|_ 4a5,ma|_ 128.51[“3.5 4a|_1ma5
Prin utilizarea formulei de rezolvare a egea By using the solving formula for the quadratic
de gradul al doilegi pastrand soltia pozitiva din  equation and keeping the positive root of (9), the
(9) rezult: result is:
a B o/
- - + +4oT] = +
K [\/al- \,asj [\/— va J [\/ as 4a5j (11)
Lo
\/ s 4a5
sau
a B 40(\/—{ O(\/_J
4a
Ja. 4a ya S
k=—VYL VIS S -1 (12)
2
V as 4a5 vaL 4/as
Mai departe, se utilizeaz formula de Further, is used the following approximation
aproximare (consediha formulei lui Taylor): formula (a consequence of the Taylor formula):
V1+X =1+% X (13)
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valabik pentrux apropiat de zero. Prin inlocuire in which is valid ifx is closed to zero. By replacing in

relatia (12), se ofine: the relation (12), the result is:
a tal f{ 4f J
ya a ya as
k=—YA V8 gl > , (14)
ag as {ﬂ aL v as J
apoi dup simplificari, rezulé: then we deduce, after some simplifications:
oo Jn
T« B 1 pB_1° (15)
- -Pg
\/aL \/as \/aL a \[as
Mai departe, Tnlocuind Thapoi valorile laj Further, by replacing back the values3 from
din relaiile (5), rezult the relation (5), it results that
- Jm
1 b (Tome ~Tame) oL ' (16)
Jai  bs(Tsme -Tc) ag
Dupa amplificari, formula rezultat este: After some amplifications, is obtained the
formula:
K= bsyma ag (Tgme ~Tc) a7

bs (Tame ~Tc W/as + by (Tome ~TamelWar

In final s-a verificat corectitudinea acestei Finally, are verified this obtained formula using
formule utilizdnd programele  MAPLE si the programs MAPLE and MATHEMATICA. To
MATHEMATICA. Mai precis, s-au considerat be more precisely, for some particular valuester t
valori particulare pentru datele fiale si s-a initial data, are computed the theoretical value fo
calculat cu acestea valoarea constantei dée solidification constank using formula (17).
solidificare k, folosind formula (17). Mai departe, Further, are replaced the obtained valuekfor the
s-a inlocuit aceastvaloare calculatin relgia (1) equality (1) and also replaced the consideredainiti
impreura cu celelalte date ifiale considerate, data in (1). Then are arrived at the conclusion tha
pentru a vedea dacelaia (1) este satig€uti, deci  the computed valu& is indeed a solution of the
daa valoareak obtinuta din (17) este intr-adéwv  equation (1), where the terms of the relation (1)
soluie a ecugei (1). In fine, s-a ajuns la concluzia differ in all considered cases by at most®10
ca valoareak satisface (1), in sensul termenii din
(1) difera prin cel mult 10°.
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