1774 371483 =54 B, M229 A123, pp. 1774~1783, 1998

%2 882N AAUF A4 BARA

AYS - ol @A
(1998 64 159 H+)

Thermal Instability of Natural Convection in a Glass Melting
Furnace

Kwang-Ok Lim and Kwan-Soo Lee

Key Words: Thermal Instability(d73 E<3Ad), Glass Melting Furnace(f2] &8 =), Bifurcation
(%7]), Unsteady Periodic Flow(8]34t 57]H-%), Chaotic Flow( & &%)

Abstract

The transition from steady laminar to chaotic convection in a glass melting furnace specified by
upper surface temperature distribution has been studied by the direct numerical analysis of the two and
three-dimensional time dependent Navier-Stokes equations. The thermal instability of convection roll
may take place when modified Rayleigh number(Ray) is larger than 9.71x 10", It is shown that the
basic flows in a glass melting furnace are steady laminar, unsteady periodic, quasi-periodic or chaotic
flow. The dimensionless time scale of unsteady period is about the viscous diffusion time, rd:Hz/ Lo.
Through primary and secondary instability analyses the fundamental unsteady feature in a glass melting
furnace is well defined as the unsteady periodic or weak chaotic flow.
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specified at the upper surface.
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Fig. 3 Dimensionless isotherms and streamlines
of transient analysis at 7=60 for Han=
1.23%10" (H=05m, 4T=200K).
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(a) Time history of u(0.787, 0.819, z)
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(b) Frequency power spectra of u velocity
0.2
z=0.25
0.0 2=0.50
=
z=0.75
02 10 20 30 40 50 60

T
(c) Time history of w(0.787, 0.819, z)

Fig. 9 Secondary instability for H=05m, 4T
=200K (Ram=1.23%10).
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Fig. 10 Secondary instability for H=10m, 4T
=200K (Ram=9.81x10").
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