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Abstract— The transient freezing of a liquid flowing between two parallel plates is investigated numerically and
by visual experiment keeping the wall temperature constant under the freezing point of the fluid. The numerical
solution is based on the Lagrangian interpolation equations at the moving boundary. The discrepancy of the
numerical calculation from the experiment is of the order of 10% based on the four-point interpolation method. The

wall temperature plays more significant role on fluid solidification than that of inlet fluid temperature and average in-
let velocity.
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Fig. 1. The coordinate system for freezing of
liquid inside parallel plates.
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NOMENCLATURE

C specific heat, joule/g°C

h : half thickness of two parallel plates, cm
k : thermal conductivity, joule/cm- sec- °c
K : thermal conductivity ratio =k, /k,

L length of plate, cm

P : Pressure

Pe : Peclet number = Re. Pr= U, h/e,

Pr : Prandtl number = C. . k.

Re : Reynolds number = ¢, Uh/u:

s ¢ thickness of solid phase =h—y,, cm

S : dimensionless thickness of solid phase
=s/h

time, sec.

temperature, °c

x - directional velocity, cm/sec

mean inlet velocity, cm/sec.

y - directional velocity, cm/sec.
dimensionless velocity vector =y/U,
flow direction coordinate, cm
dimensionless flow direction coordinate
=Xx/h

transverse coordinate, cm
dimensionless transverse coordinate = y/h
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y,(x,t): interface position, cm

YF(X, r) . dimensionless interface position
=Yysh

Greek Letters

e : thermal diffusivity, cm? /sec.
thermal diffusivity ratio=q, /o,

§: : dimensionless distance used in Lagrange
interpolation

& : dimensionless temperature = (T-T,)/
(To -T,)

A latent heat, joule/g

A latent to sensible heat ratio = A/Cs(To-T~)

u viscosity, g/fcm - sec.

v kinematic viscosity, cm2/sec.

3 density, g/cm3

T dimensionless time = at‘,t/h2

& angle between X-axis and Lagrangian
surface

Subscripts

d downstream condition

f fusion front condition

i, indices

o initial or inlet condition

u upstream condition

w wall condition

A increment

Superscripts

F : fusion front condition

. : time derivative= 2/ator 9/97

~ : valueattime r+Ar

REFERENCES

1. Stefan, J.: Annalen der Physik und Chemie,
42,269 (1891).

42 Fng ol Bt o7 127

2. Perkeris, C.L. and Slichter, L.B.: J. Applied
Physics, 10, 135 (1939).

3. Dankwertz, P.V.: Trans. Faraday Society,
46,701 (1950).

4. Kreith, F. and Romie, F.E.: Proc. Physics
Society, 68, 277 (1955).

5. Murray, W.D. and Landis, F.: Trans. ASME
(C), 81, 106 (1959).

6. Zerkle, R.D. and Sunderland, J.E.: ASME
Paper No. 67-HT-40, Aug. (1967).

7. Graetz, L.: Annalen der Physik und Chemie,
25,337 (1885).

8. Sellars, J.R., Tribus, M. and Klein, J.S.:
Trans. ASME(C), 78, 441 (1956).

9. Ozisik, M.N. and Mulligan, J.C.: J. Heat
Transfer, 91, 385 (1969).

10. Bilenas, J.A. and Jiji, L.M.: J. Franklin
Institude, 289, 265 (1970).

11. Hwang, G.J. and Sheu, J.P.: The Canadian
J. Chem. Eng., 54, 66 (1976).

12. Langaar, H.L. and Fayette, L.: J. Applied
Mechanics, 4, 55 (1942).

13. Hwang, G.J. and Sheu, J.P.: Int. J. Heat
Mass Transfer, 17, 372 (1974).

14. Shibani, A.A. and Ozisik, M.N.: J. Heat
Transfer, 99, 20 (1977).

15. Ozisik. M.N.: “Heat Conduction,” John
Wieley-Sons, New York (1980).

16. Wijngaarden, H.V., Dijksman, J.F., and
Wesseling, P.: J. Non-Nowtonian Fluid
Mechanics, 11, 175 (1982).

17. Yang,K.T.:J, Heat Transfer, 84,353 (1962).

18. Denn, M.M.: “Process Fluid Mechanics,”
Prentice-Hall Inc., New Jersey (1980).

19. Frank, R.M. and Lazarus, R.B.: “Methods in
Computational Physics,” Academic Press,
Vol 3 (1964).

20. Noh, W.F.: ibid., p. 117.

21. Roache, P.J.: “Computational Fulid Dyna-

mics,” Hermosa, Albuquerque (1976).

HWAHAK KONGHAK Vol. 24, No. 2, April 1986




