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ABSTRACT .

The growth of a plane boundary advancing in the sgg ercooled fluid is discussed. The solid and
the fluid have both been assumed to be of finite conduc ivity and different densities. The assump-
tion of difference in, densities results in a.convective motion of the fluid and the mass solidified

per unit area Est unit time will occupy, oi solidification, a different volume from that originally
oceupied by the fluid.. The effect of “fiitté conductivity of the solid on the growth has heen
studied by taking the Prandtl number different from unity. It is shown that the eguivalence
of interfage temperature and the surface temperature of the solid leads t6 the resiilts discussed
by Chambre (1). : - :

INTRODUCGTION

A ‘most important class of problems is that in which a substance changes from one
state to another with emission or absorption of heat. Such problems oceur in many con- ;
texts most important of which-are the solidification or melting of ice. - A physically res-
tricted form of the problem was first solved by Neumann, and Stefan, Ingersoll and Zobel
and others carried out the subsequent extensions. But in all such investigations, a phy-
sical limitation was imposed in that, that the densities of both the media were assumed to
be equal and the effects of convective motion were ignored. Chambre, however, took into
account the effects of density differences and solved. the problem by assuming the solid
to be of infinite conductivity.. ‘ T

It is the purpose of this paper to study the growth of a plane solid advancing in the
surrounding of a supercooled fluid. The solid and the fluid have been taken to be of
finite thermal conductivity and of unequal densities. The effect of finite thermal conduc-
tivity of solid on the growth rate, by assuming the Prandtl number to be different from
unity has been studied and the results have been exhibited graphically. It is also shown
that in the eévent of interface temperature becoming equal to the surface temperature, the
resulting equation in (3-15) reduces to equation (22) of Chambre for a plane case.

DERIVATION ‘OF EQUATIONS'

Since both the solid and the fluid are assumed to be of finite thermal conductivity,
the equation of the energy flow in the solid and the momentum and energy equations in the
fluid together with the boundary conditions are given by the following.
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where v is the kmema.tw v1scos1ty of the ﬂmd a.nd ‘o’ is the thermal dlﬁ'umwty - Sub-
seripts 1 and. 2'stand respectively for the fluid and the solid. R (t) speclﬁes the ~position
of the solidification frons. - A S :

The surface of separation moves Wlth a Veloclty ‘g: and the mass of sohd Ps %

per umt ares per unit time so formed is denved from a mass ﬂow of the amount
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Also the boundagcy condltlon at- the suxface of sep:a».ra.tnon,s needs’ thiat- the amount of

heat liberated per unit area per umt time. must be removed by conductlon Thls reqmres
" = — 0 — . . @8
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Where A and pare tha therma.l eonductwmy and densu;y and 0= = £ | + T3 ( -
- Lis the latent hea,t and C is the speclﬁc heat. L “a
: Equations (2-1) to (2;8) ’é,re’”the equations of the probiélﬁ- to be solved.‘;‘\

PARTICULAR SOLUTION OF THE .PROBLEM

Because of the non-linearity of the problem due to the presence of the unknown R(t),
it is difficult to find a general solution under the given boundary conditions, ‘We, therefore,
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seek a particular solution by taking R, the position of the moving front, to be propm'tlonal
to v/t “and write it as

R=9%/i . . . . ..o

where B is a positive numibér to be defermined. = ™ C =

A. Solution for the solid region

e A
_

A p_articulé,r solution of equatioﬁ @-1) is giv§n by the fioﬂowing
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where. Az a:nd Bz are constants to be determmed from the boundary conditions (2-2)
The boundary condition at r=0 gives A,=T4 and we have 2
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The othﬂr boundary condition at r=R(t) gives I'=1g and we get
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B. Solutum, for tke ﬂmd region.

Followmg Cha.mbre, the solutlon of equations (2-3) and (2 4) can be found by using
the following similarity transformation on veloclty and temperature
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%ubstltutmg for u- from (3 6) i in (2-3), we get the followmg differential equation for f(z)
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"~ where dashes denote differentiation with respect to 4 ol

The solution of (3-9) is given by
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To obtain the solution of (2-4) we substitute for T;, from (3:7) in (2-4). The resulting-

differential equation in T is. given by the following form. T
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 The solution of this equation is
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“where o denotes- the P;'é.hdtl'nuwnzberlbf the ﬂuld and D, is &’Constént =1:‘9*', be deter- -
mined from (2-8). Its value is given by: o - " o
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Substituting for Di frbn; (3'14) in (3-13), we get |
r =z, | 2090k — 5 T Vo ST )X

GE: (_2:)2” 3 »'rsﬂ i o e
Vi [ e — e |

g e .

N LI S FUPH Y A
o g = (20— e T e VW] T

NS EES S

k.4 ay

O3



On the change of phase when both the i)ﬁé,sgs have Different Thermal Properties 28l
' o —n*dn -

a (\%’)26 ,,f [ ;;2; + eB:B%(erfn — efﬁ)]% (3-1'5)

Equation (3-15) gives the value of g by applyiﬁg»thg other boundary. condition of

T = Tgatn=p. The value of 8 depends upon the parameféfs~ _.?S _0— T , Ts —0— T4,

A, Ay, € and o and a full discussion under such conditions is a one of considerable difficulty.

DISCUSSION OF THE RESULTS

Equation (3-15) has been discussed under two different situations; firstby taking the
value of & to be unity and then at 7 implying thereby that the solid and the fluid have been
taken to be ice and water respectively.. By taking the valué of o to be unity, the integral
in the equation (3-15) can be evaluated explicitly and we obtain
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In equation (4+2) above if the surface temperature T4 and the interface temperature
T'g are taken to be equal, the results of equaticns (27) of Chambre! follow. : '

For value of o to be 7 , the integral of the expression (3-15) is not directly integrable.
Numerical integration is done to evaluate the integral and by taking the physical values

of the parameters for ice and water, a graph is drawn for values of B against %‘L
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The growth rate B and its Dependance upe*n

’ i)
From the graph it will be clear that as ——-decreases, more and more growth rate is obtain-

ed. Thus tohave a growth rate of 0- -20, the valug of Ts :should ’be = }0"0 a.nd to have a
growth rate of 0 30 TA should be—24°C.- * "
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