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A Study on the Influence of Condensation Inclination Angle
and Length on the Thermal Performance of Multi-Channel
Flat Type Thermosyphon

Min Seok Kim

Department of Refrigeration and Air conditioning Engineering,
Graduate School

Abstract

Heat pipes with simple structure, miniaturization, low
production cost and high thermal performance are used in
various fields. However, when the heat pipe is used, there is
a problem that it does not operate in the horizontal state or
the performance becomes low. Therefore, in this paper it is
created a mechanism that allows the working fluids to easily
return to the evaporation section by inclining only the
condensation section, which is part of the heat pipe that emit
heat. In addition, it 1s tried to confirm the thermal
performance characteristics of the heat pipe according to the
length of the condensation section. The performance
characteristics were confirmed experimentally. The experiment

was conducted on input power of 5W and 15W based on the



battery temperature of the electric vehicle in order to utilize
it for heat dissipation of the battery of the electric vehicle. In
addition, in order to expand the range of use, we conducted
additional experiments with input power of 5 to 25W. As a
result, in the 5W and 15W conditions, according to the
inclination angle of the condensation section or the length of
the condensation section, the performance was up to 2.3 times
higher than when the flat type thermosyphon was horizontally
operated. It can be seen that the effective thermal
conductivity increases up to 2.4 times under the input power
condition of 5W to 25W. As a result of the experiment, the
thermal performance of 20% charging ratio shows higher
thermal performance than the thermal performance of 40%
charging ratio. Compared to the case of, It shows the best
thermal performance at 6=10" of inclination of the
condensation section. The effective thermal conductivity when
the length of the condensation section 1is long 1is
approximately 2.4 times larger than the effective thermal
conductivity when the length of the condensation section is

short.
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Nomenclature

Symbols

A AREA

Bo Bond number

D Diameter

g Gravity force

k Effective thermal conductivity
L Length

N Number of channel
Q Heat input

R Thermal resistance
T Temperature

Greek symbols

p Density

o Surface tension
Subscripts

eff Effective

h Hydraulic
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[mm’]

[mm]
[m/s?]
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[W]
[K/W]
[°C]
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cr Critical

C Condensation

e Evaporation

ec Evaporation section-condensation section
cond. Condensation

eva. Evaporation

g Gas

1 Liquid
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EVAPORATOR
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I |:> Heat flow
CONDENSER

SECTION

Fig. 1.1 Schematic of heat transfer mechanism of heat pipe

Table 1 Types of heat pipes

according to methods of condensate return

Gravity

Thermosyphon

Capillary force

Standard heat pipe
Loop heat pipe

Centripetal force

Rotating heat pipe

Electrokinetic forces

Electro-hydrodynamic heat pipe
Electro-osmotic heat pipe

Magnetic forces

Magneto-hydrodynamic heat pipe
Magnetic fluid heat pipe

Osmotic forces

Osmotic heat pipe

Bubble pump Inverse thermal syphon
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% & (Effective thermal conductivity)
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Table 2.1 Specification of multi-channel flat type thermosyphon

Parameter Specification

Material Aluminium

Working fluid HFE-7100

Charging ratio [% vol.] 20, 40
Total size [mm] 170 x 196 x1.6
Condensation section length [mm)] (each) 70, 126
Inner channel Number o6
Size [mm] 2.6 x 0.6
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56ch.

Fig. 2.1 Photo. of the multi-channel flat type thermosyphon

Table 2.2 ODP and GWP comparison between HFE-7100 and other refrigerants

Properties HFE-7100 CFC-113 HCFC-141b
Flash point none none none
ODP 0.00 0.80 0.10
GWP 320 5000 630
Atmospheric lifetime(years) 4.1 85 94
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Fig. 2.2 Cross section of the multi-channel flat type thermosyphon
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Table 2.3 Specification of heater

Parameter Specification
Size [mm] 170 X70
Input power [W] 510, 1b,&20s 25

Fig. 2.3 Photo. of heater
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Fig. 2.5 Schematic of case 1 and case 2
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M= &FH AA 0=10"oA =& AL A
FZAE 20% vol. ZAANA 7MF & #3

AAEg 7<) 8,193W/(m-K)S Holi gt}

Table 3.1 Effective thermal conductivities by inclination angle and length of
condensation section

(a) Case 1 [unit : W/(m-K)]
Input power 5w 15W
Charging ratio 20% vol. 40% vol. 20% vol. 40% vol.
0’ 1003 652 1018 654
5 1463 722 959 672
Bending 10° 2560 1111 1830 988
angle ¢ 30° 1517 928 1269 888
60° 1838 721 1193 684
90° 2868 664 1366 637
(b) Case 2 [unit : W/(m-K)]
Input power 5w 15W
Charging ratio 20% vol. 40% vol. 20% vol. 40% vol.
0’ 1003 652 1018 654
5 8193 1220 3615 1579
Bending 10° 4860 1420 6669 1559
angle ¢ 30° 3019 1190 5586 1265
60° 2034 1456 3511 982
90° 2078 779 3140 922
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Fig. 3.1 Comparison of effective thermal conductivity between case 1 and case 2
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Fig. 3.4 Comparison of effective thermal conductivity between case 1 and case 2
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Table 3.2 Effective thermal conductivities according to the change in the inclination

angle of condensation section
[unit : W/(m-K)]

Inclination Input Charging ratio Charging ratio
Case 1 Case 2
angle ¢ power 20% vol. 40% vol. 20% vol. 40% vol.
5W 1003 652 1003 652
10W 999 656 999 656
0° 15W 1018 654 1018 654
20W 997 656 997 656
25W 977 658 977 658
5W 1463 722 8193 1220
10W 1003 673 6373 1546
5° 15W 959 672 3615 1579
20W 866 637 2712 1456
25W 873 622 2324 1475
5W 2560 1111 4860 1420
10W 2019 1019 6234 1620
10° 15W 1830 988 6669 1559
20W 1720 954 7260 1559
25W 1568 926 6127 1323
5W 1517 928 3019 1190
10W 1334 927 3955 1275
30° 15W 1269 888 5586 1265
20W nl. 15 861 6555 1279
25W 1084 868 5782 1272
5W 1838 721 2034 1456
10W 1406 726 2839 1233
60° 15W 1193 684 3511 982
20W 1118 679 3519 1001
25W 1068 681 3274 985
5W 2868 664 2078 779
10W 2034 647 3019 906
90° 15W 1366 637 3140 922
20W 1020 641 2751 921
25W 960 622 2690 1023
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Table 3.3 Thermal resistance according to the inclination angle of condensation section

[unit : K/W]
Inclination Input Charging ratio Charging ratio
Case 1 Case 2
angle power 20% vol. 40% vol. 20% vol. 40% vol.

5W 0.57 0.88 0.57 0.88

10W 0.57 0.87 0.57 0.87

0° 15W 0.56 0.88 0.56 0.88
20W 0.58 0.87 0.58 0.87

25W 0.59 0.87 0.59 0.87

5W 0.39 0.79 0.07 0.47

10W 0.57 0.85 0.09 0.37

5° 15W 0.60 0.85 0.16 0.36
20W 0.66 0.90 0.21 0.39

25W 0.66 0.92 0.25 0.39

5W 0.22 0.52 0.12 0.40

10W 0.28 0.56 0.09 0.35

10° 15W 0.31 0.58 0.09 0.37
20W 0.33 0.60 0.08 0.37

25W 0.37 0.62 0.09 0.43

5W 0.38 0.62 0.19 0.48

10W 0.43 0.62 0.15 0.45

30° 15W 0.45 0.65 0.10 0.45
20W 0.51 0.67 0.09 0.45

25W .53 0.66 0.10 0.45

5W 0.31 0.80 0.28 0.39

10W 0.41 0.79 0.20 0.47

60° 15W 0.48 0.84 0.16 0.58
20W 0.51 0.84 0.16 0.57

25W 0.54 0.84 0.18 0.58

5W 0.20 0.86 0.28 0.74

10W 0.28 0.89 0.19 0.63

90° 15W 0.42 0.92 0.18 0.62
20W 0.56 0.89 0.21 0.62

25W 0.60 0.92 0.21 0.56
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