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Abstract
This research aims to study the effect of geometry and dimensionless parameters on heat transfer
characteristics of closed loop oscillating with check valves (CLOHP/CV), by the following procedures;
an investigation of quantitative and visualization. The investigation of quantitative by taking into account
the inner diameter, ratio of check valve, working fluid, evaporator length, working temperature,
inclination angle and filling ratio. All of experimental results a correlation for predicting the heat transfer

rate in the vertical position has been established as follows;

0.5

Kugo = Bo“Fr “Ja “Pr “(pvIpl)” “Rev ' We"*(Le/d)

A visualization study the effect of ratio of check valve and evaporator length. It was found that the
heat transfer rate rapidly increases when the evaporator length and ratio of check valve decreases, the

main flow changes from the bubble flow with slug flow to disperse bubble flow.
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Abstract

The heat-transfer characteristics of this system i.e. a CLOHP/CV, depend on the ratio of check
valves (R.,). aspect ratio (L./d;) and the dimensionless parameters of the heat transfer. The CLOHP/
CV used employed a copper tube with inner diameters of 1.77 and 2.03 mm. The evaporator, adia-
batic and condenser lengths were equal to 50, 100 and 150 mm. The selected working fluids were
water (H,0), ethanol (C;HsOH) and R123 (CHCI,CF3) with a filling ratio of 50% of total volume.
The number of turns was 40. The R., values were 20, 8, 5 and 4. The evaporator was heated by hot
water, while the condenser section was cooled by distilled water. The inclination of the CLOHP/CV
used in the experiments was 90° to the horizontal, with a controlled working-temperature of 50 °C.
When the system reached the steady state, the temperature and the flow rate of the cooling water
were measured in order to calculate the heat-transfer rate of the CLOHP/CV. The experimental
results showed that the heat-flux increases with an increase of R., and decreases with an increased
aspect ratio. A correlation for predicting the heat-transfer rate for the heat-pipe in the vertical posi-
tion has been established.
© 2006 Elsevier Ltd. All rights reserved.

Keywords: Closed-loop oscillating heat-pipe; Check valves: Heat -transfer characteristics

1. Introduction

When a heat-transfer device for a high heat-load is considered, it is realised that con-
ventional heat-pipes have several limitations, such as the capillary limit when the diameter

* Corresponding author. Tel.: +66 43 754316; fax: +66 43 754326.
E-mail address: S_rittidej@hotmail.com (S. Rittidech).

0306-2619/§ - see front matter © 2006 Elsevier Ltd. All rights reserved.
doi:10.1016/j.apenergy.2006.09.010
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Nomenclature

Aq outside surface area of condenser (nD,L.n) (m2)
Bo Bond number=Di (g((p; — p,)/a))*>

G, specific heat capacity at constant pressure (kJ/kg K)
d diameter (m)

Fr Froude number = Qz/(pf hﬁzl)%)

g gravitational acceleration(m/s?)

higo latent heat of vaporization (kJ/kg)

Ja Jacob numbc:r:(;’rfg)/CpTv

Ku Kutateladze number (=¢/{ hgpy[oq(p) — pv)/p%]m})
k thermal conductivity(W/m K)

L length (m)

Lo/d;  aspect ratio

i mass flow per unit time (kg/s)

P Prandt]l number = ( ;chp)/kv

0 heat-transfer rate(W)

q heat-flux (W/m?)

Ry ratio of check valves

T temperature (°C)

Tin inlet temperature at condenser section (°C)

Tout outlet temperature at condenser section (°C)

We Weber number = sz(pvh%u])}()')

pu/pr ratio of vapour density to liquid density of the working fluid
U viscosity (Pa s)

P density (kg/m?)

o surface tension (N/m)

Subscripts

e evaporator

i inside

1 liquid

0 outside

v vapour

90 inclination angles (degree)

of the pipe is narrow, and the entrainment limit [1]. This problem becomes especially cru-
cial when using heat-pipes to cool electronic devices. Because of these limitations. three
different types of long capillary tubes are commonly employed. The first is a closed-loop
oscillating heat-pipe (CLOHP), which is connected at both ends of the tube to form a
closed loop. The second is a closed - end oscillating heat-pipe (CEOHP), which is closed
at both ends. The last is a closed-loop oscillating heat-pipe with a check valves (CLOHP/
CV), as show in Fig. 1. The heat transfers of these OHPs occur because of the self-sustain-
ing oscillatory flow by a vapour-iquid circulation cycle between the heating and cooling
sections: latent heat is transferred. Under normal operating conditions, the liquid and
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Fig. 1. Oscillating heat-pipes with check valves.

vapour are effectively separated into two parts with the liquid in the cooling regions and
the vapour in the heating regions. The liquid forms U-shaped columns in individual turns
and their oscillations form waves. Under such flow condition, the effective heat-transfer
area is limited by the amplitude of the waves. When the amplitude of oscillatory flow is
sufficient and the heat-transfer area is not included in the waves, effective working-fluid
supply to the heat-transfer area cannot be obtained and heat-transfer cannot be main-
tained. This operating limit is peculiar to oscillating heat-pipes. However, the installation
of check valves in the closed-loop eliminates this operating limit whereby a single-direction
flow is imposed and the heat-transfer area is not restricted by the amplitude of the oscil-
latory flow. The advantages of a CLOHP/CV are its properties of transferring heat in any
orientation, its quicker response, and its internal wickless structure. Miyazaki et al. [2]
studied the oscillating heat-pipe including a check valve:under normal operating condi-
tions, the liquid and vapour are effectively separated into two parts with the liquid in
the cooling region and the vapour in the heating region. The liquid forms U-shaped col-
umns in individual turns and their oscillations form waves. When the amplitude of oscil-
latory flow is insufficient and the heat-transfer area is not affected by the waves, an
effective working-fluid supply to the heat- transfer arca cannot be obtained and of the
heat-transfer cannot be maintained. This operating limit is peculiar to oscillating heat-
pipes. However, the installation of check valves in looped channels eliminates this operat-
ing limit, whereby single-direction flow is imposed and the heat-transfer area is not
restricted by the amplitude of the oscillating flow [3]. Pipatpaiboon et al. [4] studied the
effect of inclination angle, working fluid and number of check valves on the characteristics
of heat-transfer in a closed — looped oscillating heat-pipe with check valves (CLOHP/
CVs). Experiments were conducted to find out their effects on the heat-transfer rates of
a copper CLOHP/CV with an inner diameter of 2.03 mm.The lengths of the evaporator,
adiabatic and condenser sections were 5 cm. The total length of the CLOHP/CV was 15 m
with 40 meandering turns. R123, ethanol and water were used as the working fluids with a



