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Comparision of Inner Surface (Water Surface)
An Experiment on Inner Shapes (Water Side) of Heat Transfer Pipes
for Flon Use and its Applications

(Observation of Vortex Patterns by Flow Visualization of Stream Lines)
by

Kiyohiro TANAKA* and Masato KURISU*

Authors ase carring out Ocean Thermal Energy Conversion, in this process we experiedced
that heat tramnsfer pipes are the most probleme. Our heat pipes are the ones improved for home
refrigeration use. They have very excellent quality, but we knew that there is a margin for
improvement. This was unbalance between heat transfer quality of flon surface and that of water
surface.

We made a observatdon on stole vortex patterns of water surface by flow visualization method.
After the observation, we knew that stole vortexes much concern to heat transfer. In this paper,

mainly, vortex patterns were tested, but a suitable shape of water surface which can make a strong

stole vortex was clarified.
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Fig. 1 Compare of Heat Transfer.
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Fig. 2 Boudary Layer, Layer Vortex and

Laminar Sublayer.
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Fig. 3 Separated Vortexes after a Projection.
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Models for Stream Lines.
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i) single projection model

(a) a trapezoid

(b)

32.5

(c) a circular arc

10

120

ii) maney projection model with both side

155.2

1ii) maney projection model with half side
(a) 20 lines

iv) a variable pitch

v ) smooth and rouhh models

(a) a smooth surface

(#60)

Fig. 6 Shapes of Models Tested.
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(b)

Fig. 7 A Single Projection shaped Trapezoid.

Fig. 8 A Single Projection shaped Triangle.

(@) ) ' ®
Fig. 9 A Single Projection shaped Circular Are.

(a) stream lines visualized
(b) enlarged one

(c¢) sketched one

Fig. 10 Maney Projections.
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(a) 20 lines : vortexes in concave rotate slowly

(b) 16 lines : a, strong vortex 23, fly out occasionally
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Fig. 11 Change of Vortexes with No. of Projections.

P=7~10h
(b) vortexes move actively and fly out
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P=1l4h~ PN

(¢) a :no vortexes here

Fig. 13 Three Vortex Patterns by Pitch.
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Fig. 14 A Circular Arc Projection.
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rough surface £ : strong vortexes

Fig. 15 Difference between Smooth and Rough
Surfaces.
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Fig. 16 A Suitable Shape of Inner Surface
which can make A Strong Stole Vortex.
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Fig. 17 Inner Dimesiones Heat Transfer Pipe measured Hydrauli Loss.
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Fig. 18 Experimental Apparatus.
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Table 1 Hydraulic Loss of Heat Transfer Pipe.

NO.| H(m) |Q(m?3¥/sec)| V(m/sec)| hg(m) | h(m) | ¢ AE(w)

11 0,3727]0.000509 | 2,53 0,563 17.0712L.6 | 35.3

2 | 0.29710.000455 | 2.26 0,453 | 5.69 | 21.8 | 25.3

3] 0.1820.000356 | 1.77 0.29013.64 | 22.8 | 12.7

4 | 0,112]0.000279 | 1.39 0.178 | 2.23 | 22.7 6.1

w 5] 0.064|0.000211 | 1,05 0.099 | 1.24 | 22.1 2.6
g 6 | 0.,132/0.000311 | 1.55 0.244 { 2.81 | 23.0 8.6
A 7 | 0.252|0.000419 | 2.08 0.3974.98 22,5 | 20.5
© 8 | 0.334(0.000482 | 2.40 0.5106.40 | 21.8 | 30.3
9| 0.350(0.000494 | 2.46 0.538{6.75 (21,9 | 32.7

10 | 0.31910.000471 | 2.34 0.491]16.16 | 22.0 | 28.5
11 | 0.270(0.000434 | 2,16 0.426 1 5.35122.5 | 22.7 |

12 | 0.220(0.000391 | 1.95 0.344 | 4.32 22,3 | 16.6

13 | 0.1540.000327 | 1.63 0.243]13.05|22.5 9.8

14 | 0.075]0.000229 | 1.14 0.106 | 1.33 } 20.2 3.0

171 0.36910,000507 | 2.52 0.61116.41119.8 | 31.9

2 | 0,26110.000426 | 2.12 0.403 | 5.06 122.1 | 21.1

3 ] 0.196(0.000369 | 1.84 0.29713.73121.6 | 13.5

4 | 0.114 [0.000282 | 1.40 0.18312.30 {22.9 6.3

51 0.034]0.000154 | 0.77 0.05810.73 |124.4 1.1

e 6 | 0.0681(0.000218 | 1,08 0.106 | 1.33 | 22.3 2.8
£ 7 ] 0.100(0.000264 | 1.31 0.15711.97 |22.4 5.1
i 8 { 0.150(0.000323 | 1.61 0.239]3.00 | 22.8 9.5
=1 91 0.223]0.0003%4 | 1.96 0.331]|4.15 |21.2 | 16.0
10 | 0.299]0.000456 | 2.27 0.44415.57 |21.2 | 24.9

11 | 0.34210.000488 | 2.43 0.481]6.04 {20.1 | 28.9

12 | 0.246]0.000414 | 2.06 0.359]4.51 120.8 | 18.3

13 | 0.1680.000342 | 1.70 0.258{3.24 |21.9 | 10.9

14 | 0.133{0.000304 | 1.51 0.210{ 2.64 | 22.5 7.9

1] 0.382{0.000516 | 2.57 0.421]15.28 [15.7 | 26.7

2§ 0,276 (0.000438 | 2.18 0,32114.03 [16.6 | 17.3

3 | 0.,193]0.000367 | 1.82 0.238)2.,99 |17.6 | 10.7

4 1 0,123]0.000293 | 1.46 0.16312.05 [ 18.9 5.9

51 0.052}0.000190 | 0.95 0.0811]1,02 |22.2 1.9

" 6 | 0.088]0.000248 | 1.23 0.12411.56 {20.1 3.8
g 7 | 0,14010,000312 | 1.55 0.17312.17 |17.6 6.7
- 8 | 0.24010.000409 | 2.03 0.28413.56 [16,9 | 14.3
o 9 | 0.3280.000478 | 2.38 0.369]14.63 |16.1 | 21.7
™1 10 | 0.38210.000516 | 2.57 0.41915.26 |15.7 | 26.6
11 |} 0.335|0.000483 | 2.40 0.374 | 4.69 |15.9 | 22,2

12 | 0.252]0.000419 2.08 0.297 | 3.73 116.8 15.3

13 | 0.209(0.000382 | 1.90 0.255(3.20 |17.4 | 12.0

14 { 0.151]0.000324 | 1.61 0.193 | 2.42 |18.3 7.7
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