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frusssesion. S

I Experiment Water Bath

2 Horizontal elliptical Tubes
3 Coolant

4 Temperature Control

5 Digital Camera

6 Thermocouples

7 Data Logger

8 Personal Computer

Fig.3.2.1 Schematic diagram of experimental apparatus.
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Enlargement

A

i

Fig. 3.2.2 (b) Detail of test section for two elliptical tubes. ( @= 0.85, @z= 90°)
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(a) Front view (b) Side view
Fig.3.2.3 Photograph of test section for two elliptical tubes.

Fig.3.2.4 Copper elipticai tube of test section.

Fig.3.2.5 Photograph of experimental apparatus.
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Fig.3.4.1 Isotherms and velocity fields by analysis for two elliptical tubes.
(a=0.85, pg=90°, Dy =40 mm, D, = 80 mm, Tin; =4 °C, T;1 =-10.0 °C, T;2=-10.0 °C)
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&‘ 1800s

Fig.3.4.2 Transient of freezing front contours by analysis for two elliptical tubes.
(a=0.83, ;= 90°, Dy =40 mm, D, = 80 mm, Tini =4 °C, 1,1 = -10.0 °C, T;2 = -10.0 °C)
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Fig.3.4.3 Time history of water temperature by analysis for two elliptical tubes.
(a=10.85, 9z =90°, Dy =40 mm, D, =80 mm, Tini =4 °C, T;,1 = -10.0 °C, T2 = -10.0 °C)
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Fig.3.4.4 Time history of freezing fraction ratio by analysis for two elliptical tubes.
(a=0.85, p;=90°, D, =40 mm, Dy =80 mm, Tin;=4 °C, 7,1 =-10.0 °C, T;2» =-10.0 °C)
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Fig.3.4.5 Isotherms and velocity fields by analysis for two elliptical tubes.
(o= 0.85, g = 90°, Dx =40 mm, Dy = 80 mm, Tini =7 °C, T1,1 =-10.0 °C, T;2 =-10.0 °C)
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1800s

Fig.3.4.6 Transient of freezing front contours by analysis for two elliptical tubes.
(0= 0.85, pg = 90°, Dy =40 mm, D, = 80 mm, T =7 °C, T;1 =-10.0 °C, T;2 = -10.0 °C)
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Fig.3.4.7 Time history of water temperature by analysis for two elliptical tubes.
(a=0.85, pg = 90°, Dy =40 mm, D, = 80 mm, T =7 °C, T;,1 =-10.0 °C, T;2 =-10.0 °C)
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Fig.3.4.8 Time history of freezing fraction ratio by analysis for two elliptical tubes.
(a=0.85, 9z =90° Dy =40 mm, Dy =80 mm, Ti=7 °C, T;1 =-10.0 °C, T;2 = -10.0 °C)
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Fig.3.4.9 Photograph of freezing front contour at typical time by experiment.
(a=10.85, p = 90°, Dy = 40 mm, Dy = 80 mm, Tjn =4 °C, T;,1 =-10.0 °C, T2 = -10.0 °C)



Fig.3.4.10 Transient of freezing front contours by experiment for two elliptical tubes.
(a=10.85, pg=90°, Dy =40 mm, D, = 80 mm, T =4 °C, 771 =-10.0 °C, T;2 = -10.0 °C)
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Fig.3.4.11 Time history of water temperature by experiment for two elliptical tubes.
(2=0.85, g = 90°, Dy =40 mm, Dy =80 mm, T =4 °C, 7,1 = -10.0 °C, T;2 = -10.0 °C)

54



5 - ¥ . T
L4 ® Experiment e |
: ¢ ]
23 ® -
.
w2 | |
= @
§ w}
S P .

& N
0 @ i 1 1 i
0 4,000 8,000 12,000

Timels]

Fig.3.4.12 Time history of freezing fraction ratio by experiment for two elliptical tubes.
(a=0.85, pg = 90°, Dy =40 mm, D, = 80 mm, Tj =4 °C, T;1 =-10.0 °C, T;» = -10.0 °C)
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Fig.3.4.13 Photograph of freezing front contour at typical time by experiment.
(a=0.85, pg = 90°, Dy =40 mm, D, = 80 mm, T =7 °C, T;,1 = -10.0 °C, T;» = -10.0 °C)
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10800s

Fig.3.4.14 Transient of freezing front contours by experiment for two elliptical tubes.
(a=0.85, 93 = 90°, Dy =40 mm, Dy = 80 mm, Ty =7 °C, T,1 = -10.0 °C, T;2 = -10.0 °C)
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Fig.3.4.15 Time history of water temperature by experiment for two elliptical tubes.
(a=0.85, 9z = 90°, Dy =40 mm, Dy = 80 mm, T =7 °C, T;,; =-10.0 °C, T;2» = -10.0 °C)
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Fig.3.4.16 Time history of freezing fraction ratio by experiment for two elliptical tubes.
(@=0.85, pg=90°, Dy =40 mm, Dy =80 mm, Tini=7 °C, T;,1 =-10.0 °C, T;2 =-10.0 °C)
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(a) Analysis (b) Experiment

Fig.3.4.17 Comparison of freezing front contour by analysis and experiment.
(0= 0.85, g = 90°, Dy =40 mm, Dy =80 mm, T =4 °C, T;,1 =-10.0 °C, T, =-10.0 °C)
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Fig.3.4.18 Comparison of water temperature by analysis and experiment.
(0=0.85, gg = 90°, Dy =40 mm, D, =80 mm, T =4 °C, T;,1 =-10.0 °C, T;» =-10.0 °C)
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Fig.3.4.19 Comparison of freezing fraction ratio by analysis and experiment.
(o= 0.85, pg=90°, Dy =40 mm, D, = 80 mm, T =4 °C, T;1 =-10.0 °C, T;2 = -10.0 °C)

(a) Analysis (b) Experiment

Fig.3.4.20 Comparison of freezing front contour by analysis and experiment.
(o= 0.85, g = 90°, Dy =40 mm, D, = 80 mm, Tini =7 °C, T;,1 = -10.0 °C, T;2 = -10.0 °C)
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Fig.3.4.21 Comparison of water temperature by analysis and experiment.
(2= 0.85, pg = 90°, Dy =40 mm, D, =80 mm, Tini =7 °C, T;,1 =-10.0 °C, T;2» = -10.0 °C)
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Fig.3.4.22 Comparison of freezing fraction ratio by analysis and experiment,
(a=10.85, pz=90° Dy =40 mm, Dy =80 mm, 73 =7 °C, T;,1 =-10.0 °C, T;» = -10.0 °C)
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Fig.3.4.23 Comparison of freezing fraction by exact solution and present numerical result for
two circular tubes before bridging.
(Dx=0mm, D)= 100 mm, 7= 0°C, T, = T12=-10 °C)
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