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A Study of Heat Transfer Characteristics and Tube Inside
Flow of Non-Looped Oscillating Capillary Tube Heat Pipe

on the Heating Both Ends

Young—-soo Kim

Department of Refrigeration Engineering,
Graduate school,

Pukvong National University

ABSTRACT

In this study, heat fransfer characteristics and tube inside flow of

non-looped OCHP(oscillating capillary tube heat pipe) under the condition of

heating both ends was experienced. First test was to know the working

possibility of the non-looped OCHP on the heating both ends. So, the

non-looped OCHP with Urethan tube and copper tube was made to see the
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inside flow. And ancther same size non-looped OCHP with copper tube was
turned out to learn heat transfer characteristics. In the second test, three
non—looped OCHP which has 60cm, 80cm and 160cm as channel length was
applied. And their thermal characteristics were investigated.

Each test was conducted under the next conditions : Working fluid was
Methnol, Charging ratios were 30%, 40% and 50%, inlet temperatures were 6
0T, 70T and 807, flow rate of water was 180kgfh.

First, we knew that working fluid of the non-locoped OCHP was working
well. And the OCHP with charged 40% was shown the highest temperature
and efficient thermal conductivity. When it was charged 40% and water
temperature was 80T, the efficient thermal conductivity of the non—looped
QOCHP was about 38290 W/mK. And it was about 95 times higher than the
thermal conductivity of pure copper.

Second, we knew the each non-looped OCHP with channel length 60, 80
and 160cm was well working by checking the temperatures of each part.

All of the OCHP had higher temperature distributions with charging 40%

than 30% and 50%. And the OCHP with 160cm has shown the highest

efficient thermal conductivity.



Nomenclature

A Area

Co Specific heat

m Mass flow rate

) Heat transfer rate

k Thermal conductivity

My Merit number of heat pipe

M, Merit number of thermosyphon
{ Length

D Diameter

T Temperatue

Greek symbols

o Figure of merit

p Density

u Viscosity

A Therma!l conductivity
7 Efficiency
Subscripts

cond Condensing part

_HI_

[m®]

(Kl/kgK 1]
[kg/h]

[W]

[(W/mK]
[kW/m®]

(kW™ /m2 0075
[m]

[m]

[T]

[kg/K3/4S5/2]
[kg/m®]
[Ns/m?]

[W/mK]

[%]



evd

Evaporating part
Inlet

Qutlet

Water

Efficient

gas

liquid
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N l Oscillation
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Part & Departure of
Small Vapor
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=vaporating by Nucleate
Pat Boiling

Fig. 2.1 Basic concept of Oscillating Capillary Heat Pipe
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Table 2.2

Working fluid &

containar material suitability

Recommended

Not Recommended

Ammonia

Aluminum
Carbon Steel
Nickel
Stainless Steel

Copper

Acetone

Copper
Silica
Aluminum
Stainless Steel

Methanol

Copper
Stainless Steel
Silica
Nickel

Aluminum

Water

Copper
Monel

347 Stainless Steel
Refrasil fiber

Aluminum
Silica
Inconel
Nickel

Carbon Steel

Thermex

Copper
Silica

Stainless Steel
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Photo 3.1 Photograph of test section
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Fig. 3.3 Schematic diagram of test section
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Fig. 3.4 Schematic diagram of hot water pipe line
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Photo. 3.3 Photograph of charging cylinder
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(g) 6/30 (sec) (h) 7/30 sec (1) 5/30 (sec)
Photo. 4.1 Movement of working fluid inside the OCHP (Middle Part)
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(g) 6/30 (sec) (h) 7/30 (sec) (i) 8/30 (sec)
Photo. 4.2 Movement of working fluid inside the OCHP {(Edge Part)
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Fig. 4.1 Variation of surface temperature of OCHP with time |

(Inlet temperature : 607TC)

80
70 4
;(3 80
3
=2
@ 504
(V]
Q
g —8—— Ocm
= 40 4 seees Qe Bom
——-¥——— 10cm
oeg—o- 1hem
30 4 — " — 20cm
——=0—-— 25cm
——4——  30cm
20 T T g T T
0 500 1000 1500 2000 2500

Time(sec)

(a) Charging ratio : 30%

..29..



80
70 4
§ 60
o
E)
@ 50
o}
=9
£
@
= 40 - RESEIE = R S5ecm
——-%——  10¢m
—o—g—-- 15cm
30 4 — " — 20cm
— 25cm
— - — 30cm
20 T T T T T
0 500 1000 1500 2000 2500
Time{sec)
(b) Charging ratio : 40%
80
70 4
o 60
L
<
2
@ 50 o
1]
o
E
fv i3
40 -
30
20 T T Y T T
Q 500 1000 1500 2000 2500
Time(sec)

(¢) Charging ratic : 50%
Fig. 4.2 Variation of surface temperature of OCHP with time

(Inlet temperature : 70TC)

-—30-



Temperature(°C)

Temperature("C)

a0

70

80

50

40

30 4

20

90

T T T

500 1000 1500 2000

Time(sec)

(a) Charging ratio : 30%

2500

80

70 +

50 ~

40 1

30 4

20

30cerm

T T T T

506 1000 1500 2000

Time(sec)

(b) Charging ratio : 40%

_31_

2500



90

80

70 +

80

50

Temperature(°C)

40

— e — 30cm

T T

0 500 1000 1500 2000 2500
Time{sec)

(c) Charging ratio : 50%
Fig. 4.3 Variation of surface temperature of OCHP with time
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Fig. 4.4 Mean temperature of OQCHP surface according to each condition
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Table. 5.1 Estimation of Non-Looped Tvpe OCHP
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