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Abstract. This research aimed to determine the effect of position of heat mode to closed-
loop oscillating heat pipe with check valves (CLOHP/CV) on fins. To check on heat
transfer rate needed to focus on evaporator temperature, air velocity, and position of
heat mode. All heat exchangers used ethanol as working fluid with the filling ratio of
50% by total volume of tube, evaporator temperature at 60, 70, and 80 degrees Celsius,
and air velocity at 0.5, 1.0, and 1.5 meter per second, size of fin was 0.5 centimetre. All
heat exchangers used different positions at evaporator section and condenser section of
heat pipe. The CLOHP/CV was made from copper capillary tube of (inner diameter: 5
mm), 24 turns 2 check valves. The length of evaporator and condenser and adiabatic
section is 20, 20, and 10 centimetre respectively. From the experiment it’s was found
that the heat exchanger of bottom heat mode had a temperature of 80 degrees Celsius
and air velocity of 1.5 m/s with heat flux and thermal effectiveness the highest.

1. Introduction

The energy use increases, while the volume of energy is limited. Therefore, energy utilization efficiency is a
fundamental principle of the conservation of energy. The use of power should be energy-efficient. One type of
device that can be applied in the energy utilization is heat exchange devices. This research proposes the use of a
heat pipe heat exchanger for energy save; the heat exchange has a better heat transfer. It can transfer heat when
the source receives heat and cools it a little, the cost is low and the maintenance is easy [ 1].An operating heat pipe
may be divided into three sections, evaporator, adiabatic and condenser sections [2]. Energy is added into the
evaporator section where the working fluid reaches its boiling temperature and begins to boil. The buoyant vapor
of the working fluid rises through the adiabatic section to the condenser, where it condenses. The condensate
then drains back into the evaporator section and the check valve is used to control the flow of liquid
within the pipe to flow in one direction, resulting in higher heat transfer performance. This process of
evaporation and condensation of the working fluid repeats itself continuously: as long as heat is supplied to the
evaporator and an opportunity for its removal from the condenser exists. Many researchers have studied these
factors [3-9]. The main factors that affect the thermal performance of a closed- loop oscillating heat pipe with
check valves (CLOHP/CV) are the inclination angle, operating temperature and pressure, filling ratio, aspect ratio
and working fluid. Murshed et al. [10] studied the fluid. The factors affecting the thermal conductivity include the
particle volume fraction, particle size, interfacial layer and temperature [11].

Thus, in this study investigated characteristics which were heat transfer rate and its effectiveness of
heat pipe heat exchangers, closed-loop oscillating heat pipe with check valves (CLOHP/CV) on fins at
heat mode. To check on heat transfer rate needed to focus on position of fins, evaporator temperature,
air velocity. All heat exchangers used ethanol as working fluids. The radiuses and thickness of fins was
0.5cm. and 1 mm. However, in response to the lack of detailed data, this study focuses on determine
the effect of position of heat mode to closed-loop oscillating heat pipe with check valves (CLOHP/CV).



2. Theoretical consideration and Experimental details

2.1 Heat transfer characteristics of the CLOHP/CV

Determination of the heat transfer to the condenser section is calculated by the calorific method. By
measuring temperature of the inlet and outlet of the heating fluid, the condenser values can be calculated
using the following equation:

Q=mC,(T,,-T,) (1)

Where Q is the heat transfer rate (W), m is the mass flow rate (kg/s), C, is the specific heat (J/kg-°C),
T, is the inlet temperature (°C) and 7, , is the outlet temperature (°C).
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Where q is the heat flux (W/m?), D, is the outside diameter of the tube (mm), L. is the length of condenser
section (mm) and N is the number of rods in the heat pipe condenser section.

g=Lus (3)
Qmax

2.2 Experimental details

Design and construction of the test rig and construction of the CLOHP/CV. The length of evaporator,
adiabatic and condensate section was 20, 10 and 20 cm respectively. Installation of the trial CLOHP/CV
with experimental equipment and instrumentation is shown in Figure 1. There were 17 measurement
points from the inlet temperature to the output. The instruments were thermocouples (type K) at the air
inlet and outlet of the heat source and at the air inlet and outlet of the trial evaporator section and
condenser section. The thermocouples were plugged into the data Logger (Agilent Technologies
34970A). The 34970A Features 6" digits (22 bits) of resolution, 0.004% basic dcV accuracy for data
to be analyzed in the next step. As shown in Fig. 1. Which heating by voltage regulator to heater which
is attached in the evaporator section and controlled temperature hot air of evaporator section was 60, 70
and 80 (°C). Use blower is controlled the heating loop by use inverter (Siemens siamics g110, output
frequency 0 Hz-650 Hz and Cos ¢ > 0.95) to controller the speed reaches steady state condition. The
cool air is region the condenser section of CLOHP/CV. This controlled the velocity as 0.5, 1.0 and 1.5

m/s by use inverter. The cool air is allowed to flow through the condenser to cooling the CLOHP/CV.
Air inlet and outlet temperatures is the condenser zone are measured.
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Inverter Controller’s
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Figure 1. The CLOHP/CV heat exchanger test rig.



3. Results and discussions
3.1. Effect of velocity to the heat flux and the effectiveness of CLOHP/CV on fins
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Figure 2. Effect of velocity to the heat flux and the thermal effectiveness of CLOHP/CV

A figure 2. Shows the effect of velocity to the heat flux and the thermal effectiveness of CLOHP/CV on fins.
The air velocity at 0.5, 1.0 and 1.5 meter per second that performance heat transfer of the heat exchangers
installed fins, given heating on bottom and top heat mode. From the experiment it's was found that the heat
flux of heat exchangers, when using radial fin 0.5 cm, air velocity at bottom heat mode of heat pipe at 1.5
meter per second, temperature at 80 degree Celsius, and ethanol as working fluid, heat flux and thermal
effectiveness exhibited 8,358.85 W/m2 and 0.23 respectively

Therefore, the heat pipe CLOHP/CV of heat exchangers installed 0.5 cm, given heating on bottom heat
mode, using ethanol as working fluid, temperature at 80 degree Celsius, and air velocity at 1.5 m/s at
condensed part, exhibited the maximum of the heat flux and the thermal effectiveness of CLOHP/CV

3.2 Effect of operating temperature to the heat flux and thermal effectiveness of CLOHP/CV on fins
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Figure 3. Effect of operating temperature to the heat flux and thermal effectiveness of CLOHP/CV

A figure 2. Shows the effect of the temperature to the heat flux and the thermal effectiveness of
CLOHP/CV on fins. The air velocity at 1.5 meter per second that performance heat transfer of the heat
exchangers installed fins of given heating on bottom and top heat mode were the best. From the
experiment it's was found that the heat flux and thermal effectiveness of heat exchangers, when using
radial fin 0.5 cm, hot air at evaporator section of heat pipe at 60, 70 and 80 degree Celsius, and ethanol
as working fluid, heat flux and thermal effectiveness exhibited 8,358.85 W/m?” and 0.23 respectively.



Therefore, the heat pipe CLOHP/CV of heat exchangers installed 0.5 cm. radial fins of given heating
on bottom heat mode, using ethanol as working fluid, temperature at 80 degree Celsius, and the

temperature at condensed part, exhibited the maximum of the heat flux and the thermal effectiveness of
CLOHP/CV on fins.

4. Conclusions

This paper deals with the heat transfer characteristic of closed-loop oscillating heat pipe with check valves
(CLOHP/CV) on fins at different heat mode. To check on heat transfer rate needed to focus on working fluid,
evaporator temperature and air velocity. All heat exchanger used ethanol as working fluid with the filling
ratio of 50% by total volume of the tube, evaporator temperature at 60, 70 and 80 degree Celsius, and air
velocity at 0.5, 1.0 and 1.5 meter per second. The CLOHP/CV was made from 24 turns of copper capillary
tube (inner diameter: 5 mm) with 2 check valves. From this study can be summarized the heat pipe
CLOHP/CV of heat exchangers installed 0.5 cm. given heating on bottom heat mode, using ethanol as
working fluid, temperature at 80 degree Celsius, and air velocity at 1.5 m/s at condensed part, exhibited the
maximum of the heat flux and the thermal effectiveness of CLOHP/CV on fins.
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