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Numerical simulation of flow with heat convection in multipuly-connected domain by
vorticity-stream function method
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The present study deals with numerical simulation of natural convection of fluid in cavity where locates the
obstacle heated or cooled byconstant temperature.The preasure single-valuedness condition is successfully
extended to the flow with the temperature variation when the vorticity-stream function method is applied.
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Fig. 1: Region including obstacle
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Fig. 2: Thermosyphon cavity
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Tab. 1: Stream fumction on boundary of flow field
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Tab. 2: Steady state value of fluid flux

| grid points 0 Ra [[ 1.0 x 10° | 5.0 x 10° | 1.0 x 10°

51 x 510 3.39 21.3 36.8
81 x 81 3.33 21.2 36.0
126 x 126 3.33 21.6 36.9
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Fig. 3: Fluid flux
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Fig. 4: Temperature contours(Ra = 1.0 x 10°)
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Fig. 5: Vorticity contours(1.0 x 10°)
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Fig. 6: Stream line
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Tab. 3: Minimum value of stream function(secondary

flow)

(00000 Ra [ 1.0x10° [ 50x10° [ 1.0 x 10°
51 x 51 1.2x1072 ] 1.5x 1071 [ 6.0 x 1071
81 x 81 7T7x103]12x10F [ 48x 10 ¢
126 x 126 6.0x 1073 | 1.0x 1071 | 42x 107!

3, 3, 3 8 §vras

3,

. 42
Number of timestep(x10~)

Fig. 7: Value of line integral of pressure gradient
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Fig. 8: Pressure di ion on obstacle

Fig. 9: velocity vectors
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Tab. 4: Stream function on boundaries of flow field

Ficldl | ficld® | ficlds
P =0 Py =0 1y =0
Y1 =0 | Yo =1 | Y3 =0
Yro1 =0 | Yre2 =0 | YRez =1

vessel 0
left obstacle
right obstacle
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Tab. 5: Steady state value of fluid flux(x1072)

Left
(00000 Ra [ 10X 10° [ 5.0 x 10° | 1.0 x 10° |
51 x 510 4.46 17.5 29.8
81 x 81 1.70 6.70 10.9

126 x 126 0.69 2.70 4.36

Tab. 6: Steady state value of fluid flux(x1072)

Right

| grid points 0 Ra [| 1.0 x 10° | 5.0 x 10° | 1.0 x 10° |

51 x 510 4.46 17.5 29.8
81 x 81 1.70 6.70 10.9
126 x 126 0.69 2.70 4.36
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Fig. 10: Tenperature contours(Ra = 1.0 x 10°)
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Fig. 11: Vorticity contours(1.0 x 106)
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