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Effect of the length to inner diameter ratio of vapor tube on the performance of a vacuum
closed loop thermosyphon
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Abstract

The effect of steam pipe size on the performance of closed loop thermosyphon under vacuum condition was studied
to determine the relationship of heat load to pipe size affecting the saturation temperature and overall performance
of the boiler. A closed loop thermosyphon was made of cylindrical copper pipes with a capacity of 3000 cc. Distilled
water was used as the working fluid at 10% (300 cc) of capacity volume. The water was boiled by electric heaters of
530, 1085, 1640, 2210, 2780 and 3350 W. The steam pipes for testing were made of type L copper pipes of 7 sizes
in accordance with ASTM B88 STD with a test section length of 400 mm. Length to the inside diameter (L/d) of pipe
was in the ratio of 82.82, 49.94, 36.63, 28.90, 23.65, 20.05 and 17.50. The boiler was under vacuum initial condition
in the experiment, the water cooled condenser had a constant temperature of 25°C and constant flow rate of 1 kg/min.
The results showed that the L/d value had an effect on the closed loop thermosyphon performance and when heated
at a constant volume, the saturation temperature increased with the L/d and was greater than 20. The total thermal
resistance was also decreased with a decrease in L/d. The lowest total thermal resistance of 0.0343°C/W was when
the heat load content was 2780 W with L/d of 17.50.
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Table1  The ratio of inner diameter to the length of

the seam pipe (ASTM B88)

Standard size (mm) ID (d), (mm) L/d
6.35 4.83 82.82
9.53 8.01 49.94
12.70 10.92 36.63
15.88 13.84 28.90
19.05 16.91 23.65
22.23 19.95 20.05
25.40 22.86 17.50
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Table 2 The heater power test values
Power according (W) Power test (W)
500 530
1000 1085
1500 1640
2000 2210
2500 2780
3000 3350

Effect of the length to inner diameter ratio of vapor tube on
the performance of a vacuum closed loop thermosyphon

Table 3

measurements in the experiment
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The uncertainty of the parameters from the

Parameters Maximum uncertainties
Temperature + 0.14°C
Cooling water mass flow rate + 0.166 g/s
Heat load + 4.02%

T T4 T35
T8 Water out
g o)
= 9
S = ]
< is 5
£ © 7 Water in
g o
(= £
3 8 T6
&
gl 2 2
& O s
4 | o
5 b=
;;50 §' :f’] Safety valve
5 T3
|
' * ‘/F"izg/ Filling headg
o
T2 gw § Data Logger
g -
g . v
5 _ vz%gora _1; T1 B
- T ——
Heate{ O 0O O
AC Power Supply
250 mm

Figure 1 (a) A vacuum closed loop thermosyphon for
tested (b) Experimental equipment diagram
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Figure 2 Thermal efficiency of experimental equipment
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