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Abstract

Thermocapillary convection in an open cylindrical annulus heated from the inside wall is investigated

by two-dimensional numerical simulations. The deformable free surface is obtained as a solution of the

coupled transport equations at fixed Prandtl and aspect ratio. Only steady convection can be realized in

this axisymmetric computations with either non-deformable or deformable surfaces. Dynamic free-surface

deformations do not induce transitions to oscillatory convection even at large Reynolds numbers. Free

surfaces are convex near the cold wall due to the stagnation point, and concave near the hot wall. Free

surface deformation increases with increasing Ca at a fixed Re. Two peaks appear at the free surface

with low Re, while additional ripples, four peaks, occur at larger Re. Thermocapillary convection in the

open annulus interior is insensitive to variations in Ca.
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Fig. 1: Physical System.
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Table 1 Grid refinement studies.

Re | Ca Grid numbers Stream function
(rxz) minima
61x61 -0.00106
0 T1x71 -0.00106
81x81 -0.00106
121x121 -0.00106
2000
61x61 -0.00106
0.05 T1x71 -0.00106
81x81 -0.00106
1~ Ca=0, Re=2000 —0.07
- 71*71
121*121
0.06
08
9 0.05
® 2
2 06 0.04§
g >
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8 04 0.038
£ @
a 0.02
0.2
0.01
045 04 06 08 10
r

Fig. 2: Surface temperature and velocity
distributions with various grids.
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Numerical Result (Pr=97, Ca=0, Re=510)

O Experimental Result

Surface Temp. - Wall Temp. (C)

Comparison of surface temperature
distributions with experimental results
(Pr=97, Re=510, R/H=0.111, Ar=1, Ca=0).
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Fig. 4: Free surface deformations with Ca=0.05
and various Re.
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Fig. 5: Effect of Ca on free surfaces with Re=1.
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Fig. 6: Free surface deformation with Re=2000
and various Ca
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Fig. 7: Effect of Ca on surface temperature
and velocity distributions with Re=2000.
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Fig. 8: Streamlines with Ca=0.05 and Re=2000.
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