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ABSTRACT
A number of theoretical studies and experimental investigations have been
carried out on the closed loop flat plate oscillating heat pipe (CLFP-OHP) in
the past decades. However, due to the complex workingmechanism of CLFP-
OHP, the effects of operational and geometrical parameters on the thermal
performance CLFP-OHP have not been completely revealed so far. In the
present study, the CLFP-OHP was investigated with different operational
parameters (charge ratio, orientation, and heat load) and geometrical para-
meters (channel size and shape). In order to investigate the effect of these
parameters, parallel mini channels were machined onto the copper plate and
acetone was used as working fluid to form CLFP-OHP. An attempt has been
made to resolve the critical charge ratio of acetone for CLFP-OHP. The
measured thermal resistance found strongly dependent on operational and
geometrical parameters. The best performance was observed by acetone
with a charge ratio of 60% in the vertical orientation for square (2 x 2 mm2)
channels. The lowest thermal resistance of 0.39°C/W achieved for acetone at
100 W. The thermal conductivity of CLFP-OHP reached to 3205 W/m °C.
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Introduction

Heat pipes are used in various systems due to their effective thermal management capacity [1, 2]. As
the heat dissipation rate continues to increase in new upcoming systems, the focus shifted to new
heat transfer devices [3–9]. The thermal management challenges were not limited to electronics
industries, similar challenges began to emerge in different components found in various engineering
systems [10, 11]. The conventional heat pipe cannot always give effective thermal management due
to limitations on miniaturizing of systems [12–15]. The oscillating heat pipe (OHP) was invented by
Akachi [16]. Since then oscillating heat pipe was considered to have great application possibilities in
the area of waste heat recovery, solar energy utilization and aerospace industries due to its several
advantages like simple construction, miniaturization, high heat transfer capacity, flexibility and low
cost [13, 14, 17]. Generally, oscillating heat pipe exists as a capillary tube bent in many turns, namely
tubular oscillating heat pipe (T-OHP) as shown in Figure 1(a) and flat plate oscillating heat pipe 1(b)
(FP-OHP) [18, 19]. FP-OHP is developed to solve some shortcomings of the tubular oscillating heat
pipe (i.e. low heat dissipation, less feasible for electronics system, etc.) [20–25]. FP-OHP consists of
parallel mini channels manufactured in a metal plate as shown in Figure 1(b).

FP-OHP is a reliable, simple, and economical choice for effective heat transfer. FP-OHPs are
available in three forms of open loop, closed loop and closed loop with check valves. The closed loop
flat plate oscillating heat pipe (CLFP-OHP) is more suitable because of its ability to generate stronger
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oscillation motion of liquid slugs and vapor bubbles [26]. The CLFP-OHP consists of evaporator,
condenser and adiabatic sections as shown in Figure 2. The working fluid is partially charged in
CLFP-OHP, and heat load is applied to the evaporator section. This results in the growth of vapor
plugs in the evaporator section. Enlarged vapor plugs push the liquid slugs toward the condenser
section. The condenser section cools down the vapor plugs, and vapor pressure reduces. The growth
and contraction of vapor plugs result in an oscillatory flow of liquid slugs and vapor plugs in CLFP-
OHP. The heat transfer is a kind of sensible heat form within liquid slugs and latent heat form in
vapor plugs [27–30]. Due to the high vapor pressure generated in the evaporator section, the vapor
plug pushes the liquid slug toward the condenser section. The adiabatic section acts as an insulated
channel to transport liquid slugs and vapor plugs between evaporator and condenser sections.

In the past few years, several theoretical and experimental studies have been conducted on the heat transfer
characteristics of CLFP-OHP, which identified the oscillation motion of liquid slugs and vapor plugs during
operation. Stevens et al. [31] identified that the orientation, configuration and heat load all influenced the level
of variation in the thermal performance of CLFP-OHP. It can be studied that the effect of various parameters is
very complicated due to the coupling of the hydrodynamic and thermodynamic influence in CLFP-OHP.

In order to study the experimental investigations of the CLFP-OHP more clearly, the operational and
geometrical data of previous research are summarized in Table 1 [23, 32–37, 39–48]. Previous researches
have investigated the thermal performance of CLFP-OHP with different working fluids and specific charge

(a)   

(b) 

Figure 1. (a) A tubular oscillation heat pipe (T-OHP) (b) A flat plate oscillating heat pipe (FP-OHP).
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ratios. Due to the lack of complete understanding, results of experiments and numerical simulations still
have contradictions [49]. Till date there is no best model of CLFP-OHP which can give the optimum
thermal performance over a wide range of operations. As a result, CLFP-OHP has not been commercially
used in a wide range. The above literature survey shows that the effects of various parameters on the
thermal performance of CLFP-OHP are limited. Further, most of the experimental studies have been done
with specific operational and geometrical parameters. This provides only a partial picture of the complex
working mechanism in CLFP-OHP. There could be no doubt that effects of operational and geometrical
parameters are essential for a proper assessment of the thermal performance of CLFP-OHP. This has been
the motivation of the present research. Researchers [13, 17, 33, 50–55] divided parameters into three
categories: (1) operational parameters: charge ratio; orientation; heat load, (2) geometrical parameters:
channel size; channel shape; number of channels, and (3) working fluid. Accordingly, a series of experi-
ments have been conducted to know these effects on CLFP-OHP at different heat loads.

Experimental methods

Development of flat plate oscillating heat pipe (CLFP-OHP)

The CLFP-OHP test section was made of copper with 18 parallel mini channels machined by the vertical
milling machine. The details of the CLFP-OHP test section are shown in Figure 3. The hydraulic radius
of the channelmust be small enough such that surface tension forces dominate compared to gravitational
force and a distinct formation of liquid slugs and vapor plugs is able to form in the CLFP-OHP [18, 21].
The maximum radius of the channel in CLFP-OHP is given by the Bond number as follows [56]:

Bo ¼ g ρl � ρv
� �

rh;max

σ

2

(1)

Where g,ρl, ρv, and σ are the gravitational force, liquid density, vapor density, and surface tension
respectively. The Bond number is the ratio of the surface tension to the body force. Rearranging Eq.
(1), the maximum hydraulic radius of the channel for CLFP-OHP can be found as:

rh;max �
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

σBo
g ρl� ρvð Þ

s
(2)

Figure 2. Closed loop flat plate oscillating heat pipe working.
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Akachi et al. suggested the Bond number should be equal to 1. It is widely reported that if Bo≤1, the
effect of the surface tension force of working fluid dominates over that of gravitational force [57–59].
The thermophysical properties of acetone are tabulated in Table 2 using Engineering Equation Solver
software [18].

The bond number value is highly debatable and further investigation needs to be done to
determine its value for various fluids. This investigation used a Bo of 1, as reported in the previous
study [31, 49, 57, 60–69].

To investigate the effect of operational parameters on CLFP-OHP square 2 × 2 mm2 channel was
used in the current study. The hydraulic radius of 2 × 2 mm2 square channel is within range of
calculated rh;max. Hao et al. [40, 59] found that start time of CLFP-OHP is increased by using the
hydrophilic surface. The test section plate was surface treated by using sulfuric acid after fabrication.
An acrylic plate of 3 mm thickness was fabricated to seal the square channels, and fastened to the
copper plate using a gasket. The evaporator section, condenser section, and adiabatic section was
30 × 70 mm2 respectively as shown in Figure 4. Copper charge tube was brazed to charge the acetone
in the CLFP-OHP as shown in Figure 5.

Experimental apparatus

The experimental setup is shown in Figure 6. Based on the literature review, a similar experimental
methodology [67, 70] is chosen. It consists of a CLFP-OHP, temperature scanner, USB 485 coveter,

Figure 3. Details of CLFP-OHP test section.

Table 2. Properties of acetone at 25°C and 1 atm.

Property Acetone

Boiling point (°C) 56
Surface tension (N/m) × 10−3 22.98
Liquid density (Kg/m3) 784.5
Vapor density 0.74
Liquid specific heat (KJ/Kg°C) 2.33
Dynamic viscosity (Pa-sec)×10−3 0.31

EXPERIMENTAL HEAT TRANSFER 5



laptop, heat load input system, water supply, and stand. The evaporator and condenser sections were
developed from the copper blocks size of 30mm × 70mm × 10mm via milling machine. The slots are
created on the copper heating block to house the 3 cartridge heaters in the bakelite board. Each cartridge
heater contains a capacity of 100 W. The evaporator section was heated by copper heating block. The
condenser section was in direct contact with a copper cooling block which was cooled by a constant-
temperature cooling source. The backsides of the evaporator and condenser sections were thermally
insulated with a bakelite board to reduce the heat loss to the surrounding atmosphere. The Heat load
input system is used to control heat load to the evaporator section by adjusting current and voltage to the

Figure 4. Schematic of CLFP-OHP.

Figure 5. Photograph of CLFP-OHP.
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cartridge heaters. Total of six K-Type thermocouples of ± 0.5°C accuracy were used to measure
temperature responses. Six thermocouples attached on both sides of CLFP-OHP to measure the tem-
perature at various locations. The MASIBUS make data scanner used to record temperature data to the
laptop through a USB 485 converter, as shown in Figure 7. The temperature data scanner has an accuracy
of 0.1%. The temperature data logging to the laptop was interfaced through by MASIBUS software.

To charge the CLFP-OHP to a specified charge ratio, the test section was vacuumed to a pressure
of 0.01mbar, by using a mechanical rotary vacuum pump. Then, a specified amount of working fluid
charged into the CLFP-OHP by using a medical syringe. The heat load to the evaporator section was
adjusted after the CLFP-OHP test section reached to steady state condition. A constant heat load was
applied to the evaporator section via copper heating block and the condenser section was cooled via
copper water cooling block with the inlet water temperature at 25°C (±0.1°C). The temperature
measurements were recorded for heat load ranging from 10 W to 150 W in the step of 10 W. After
confirming the constant temperature of all the K-Type thermocouples mounted in the CLFP-OHP
test section, the heat load input system switched on and desire heat load was applied through the
variable transformer. The experiment procedure was repeated for all parameters.

Uncertainty analysis

The thermal performance of CLFP-OHP on basis of thermal resistance is calculated from the Eq. (3).

Rth ¼ Te � Tc

Q
(3)

Figure 6. Experiment set up.
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Where, Te, Tc, and Q are the average temperatures of the evaporator, condenser, and heat load,
respectively. The uncertainty analysis of CLFP-OHP is as follows [71]:

Q ¼ U� I (4)

The uncertainties can be expressed:

@Q
Q

¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
dU
U

� �2

þ dI
I

� �2
s

(5)

@R
R

¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

δTe

Te � Tc

� �2

þ δTc

Te � Tc

� �2

þ δQ
Q

� �2
s

(6)

The voltage and current of the heat load input system have accuracies both of 0.5. For 10 W, the
detailed measured data are: U = 30 V, I = 0.33 A, Te-Tc = 13°C (Acetone, charge ratio = 60%); then

@Q
Q

¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
0:5%� 80

30

� �2

þ 0:5%� 1
0:3

� �2
s

¼ 2:31% (7)

@R
R

¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
0:5
13

� �2

þ 0:5
13

� �2

þ 2:13ð Þ2
s

(8)

Selected coverage factor (K) as 2, then maximum uncertainty (Umax) is:

Umax ¼ K� @R
R

¼ 2:13%� 2 ¼ 4:26% (9)

Figure 7. Experimental apparatus.
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This is the maximum one for its small heat load and small temperature difference.

Results and discussion

Effect of operational parameters

In CLFP-OHP, the thermal performance is significantly affected by the oscillation motion of the
working fluid. According to flow observation of CLFP-OHPs by Yoon et al [72], the flow character-
istics in CLFP-OHPs strongly depend on the operational parameters. To figure out how the different
operational parameters affect the thermal performance of CLFP-OHP, the experimental results are
presented.

Effect of charge ratio

The effect of different charge ratio on the thermal performance of CLFP-OHP is analyzed. The
charge ratio is defined as the ratio of working fluid volume to the total volume of the CLFP-OHP.
The oscillating motion of liquid slugs and vapor plugs in CLFP-OHP depends on the charge ratio. At
100% charge ratio, the CLFP-OHP works as a single phase thermosyphon. Also, at 0% charge ratio,
CLFP-OHP works as a conduction mode of heat transfer with high thermal resistance. After
calibrating equipment, the experiments were conducted to know the effect of charge ratio of acetone
on the thermal performance of CLFP-OHP at a given heat load. The CLFP-OHP was charged with
different charge ratios from 20% to 70% in steps of 10% in the vertical orientation. Experimental
studies have shown that when the charge ratio is between 20% and 80%, the CLFP-OHP can operate
normally [22, 31–46]. Typical charge ratios reported in the literature for water, methanol, ethanol are
between 50% and 70% [17, 21, 31, 66]. In present work, an attempt has been made to resolve the
critical charge ratio of acetone for CLFP-OHP. The CLFP-OHP failed to start-up when it was
charged at the lowest charge ratio up to 30%. The phenomenon of dry-out was observed in CLFP-
OHP for 20% and 30%.

The flow visualization was captured by a video camera in CLFP-OHP channels as shown in
Figure 8. According to the flow visualization study, the dry-out phenomena was observed at 20% and
30% charge ratio due to the shortage of liquid supply on the inner wall of the evaporator section.
Therefore, acetone cannot develop the oscillation motion in CLFP-OHP at 20% and 30% charge
ratios as shown in Figure 8(a). Also, weak oscillation motion was observed due to insufficient
evaporation for the driving force, which results in the degradation of the thermal performance of
the CLFP-OHP (Figure 8(b)). It is found that the stronger oscillation motion of liquid slugs and
vapor plugs in the CLFP-OHP at 60% charge ratio (Figure 8(c)) within the evaporator region could
be approximately divided into two sections of interest, namely the large oscillation region and small
oscillation region. Different flow patterns, including slug flow, injection flow, and semi-annular
/annular flow, were observed in this CLFP-OHP. Normally, the flow pattern has a significant
influence on the CLFP-OHP performance.

Sun et al. observed that compared to the slug flow, semi-annular/annular flow is related to higher
thermal performance [73]. At the charge ratio of 60%, more channels at the evaporator section were
occupied by semi annular/annular flow as compared to charge ratios of 40% and therefore con-
tributed to higher thermal performance as evidence in Figure 9. It can be seen from Figure 9, the
CLFP-OHP with a charge ratio of 40% does not decrease the thermal resistance after 90 W as
compared to the other charge ratio. These results indicate a poor performance at 40% charge ratio
after 90 W. This is due to the fact that there are too many vapor plugs in the channels and it is very
hard to maintain the stable oscillation. The oscillation motion of liquid slugs and vapor plugs in
channels is mainly driven by the pressure variation occurring within the CLFP-OHP during the
sensible and latent heat transport. Oscillation motion in channels is related to charge ratio and it is
found to be increasing with the increase in charge ratio [49]. It reveals that enough charge ratio is

EXPERIMENTAL HEAT TRANSFER 9



required to sustain the oscillation motion in CLFP-OHP. It was found that CLFP-OHP is working
when the charge ratio above 50%. The best thermal performance was observed for 60% charge ratio
at 100 W heat loads. The lowest thermal resistance of 0.39°C/W is achieved for 60% charge ratio. The
70% charge ratio gives better performance as compared to other charge ratios, except 60% charge
ratio. The reason for the degradation of performance of CLFP-OHP at 70% charge ratio is few vapor
plugs in the channels, causing a decrease in the driving force of the working fluid. Hence, the
oscillation motion is reduced as compared to 60% charge ratio.

Effect of orientation

From the literature survey, it can be understood that if the hydraulic radius of the channel satisfies
Eq. (3), the impact of surface tension will be stronger than gravity. Qu et al. [55] found that gravity
has a significant influence on the thermal performance of CLFP-OHP. The methods utilized to know
the effect of the gravity can be classified into two groups, one by changing the orientation of the
CLFP-OHP and other is by changing the gravity field [17]. The heat transfer performance of CLFP-
OHP is very noticeable when the orientation is changed from a vertical orientation (90°). Vassilev
et al. [74] found that the thermal performance of the CLFP-OHP changed with the orientation when

Figure 8. Effect of charge ratio on the internal flow patterns inside the CLFP-OHP.
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it was within the range of vertical (90°) to horizontal(0°) orientation. In this investigation, four
orientations were tested from vertical (90°) to horizontal (0°) in steps of (30°).

The charge ratio of 60% is used in this study, which has lower thermal resistance as compared to
other charge ratios. Experimental results exhibited better performance in the vertical orientation as
shown in Figure 10. In the vertical orientation, the liquid slugs and vapor plugs oscillated more
during operation and resulted in a stronger oscillation motion of acetone in CLFP-OHP. At 100 W
heat loads, the thermal resistance of vertical orientation (90°) was 35% lower than the 60° orientation
and 62% lower than the 30° orientation. It can be seen that for orientation other than the vertical, the

Figure 9. Thermal resistance of CLFP-OHP at different charge ratio.

Figure 10. Thermal resistance of CLFP-OHP at different orientation.

EXPERIMENTAL HEAT TRANSFER 11



thermal resistance is always higher, indicating a case of less oscillation motion of liquid slugs and
vapor plugs in CLFP-OHP. It is clear that gravity has a role to play in the oscillation motion of
working fluid in channels. Gravity also enables the condensed working fluid in the channels to flow
back to the evaporator section for oscillation motion without the use of external force. So, it was
observed that vertical orientation gives better performance as compared to other orientation.

The thermal performance of CLFP-OHP can be varying when the working conditions are
different from charge ratios and heat loads. An attempt has been made to know the effect of charge
ratio with varying orientation for 100 W. The CLFP-OHP was tested with charge ratios 40% to 70%
in steps of 10%, with orientations changed starting from vertical orientation (90°) in the sequence of
90°-60°-30°-0°. For each orientation 20 min was allowed to achieve steady-state condition before
moving over to the new orientation. From Figure 11 it can be inferred that the thermal resistance of
60% charge ratio was the most favorable across all the orientations. The thermal resistance of 50%
charge ratio was found to be more suitable at lower orientations than 40 and 70% charge ratio. The
40% charge ratio was even lesser in terms of thermal performance compared to other charge ratios.
The 70% charge ratio was less effective in performance as compared to the 60% charge ratio. This is
due to the less oscillation motion of working fluid that reduces performance.

Effect of geometrical parameters

The purpose of the present investigation is to know the effect of geometrical parameters on the
thermal performance of CLFP-OHP. For this purpose, CLFP-OHP with a square cross-section of
5 × 5 mm2 and circular cross-section were fabricated. The size of the evaporator and condenser
sections is kept the same for this investigation.

Effect of channel size

It has been studied that many geometrical parameters can affect the thermal resistance of CLFP-
OHP. However, the thermal resistance of CLFP-OHP was not investigated in detail for channel sizes.
The optimum conditions of CLFP-OHP parameters tend to vary accordingly to channel size [18, 68].
The objective of this investigation is to understand the influence of channel size on the thermal
resistance of CLFP-OHP with square cross-section of 2 × 2 mm2 and 5 × 5 mm2. The influence of

Figure 11. Effect of charge ratio with varying orientation.
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channel size on the thermal resistance of CLFP-OHP is shown in Figure 12. The result indicates that
the lower thermal resistance of 0.39°C/W is achieved with a square 2 × 2 mm2 channels. This is due
to the stronger surface tension force at the reduced channel size in CLFP-OHP. The thermal
performance of 5 × 5 mm2 channels showed poor performance at the heat load of 100 W because
the pressure fluctuation at evaporator and condenser sections became small with the flow types
change from more oscillation to less oscillation of liquid slugs and vapor plugs. At the 5 × 5 mm2

square channels, the heat transfer is decreased as compared to 2 × 2 mm2 square channels due to
insufficient startup heat load with 5 × 5 mm2 square channels. At the heat load of 10 W, oscillation
motion occurred relatively early with 2 × 2 mm2 square channel sizes. The thermal performance was
the highest at the 2 × 2 mm2 square channels due to the increased oscillation motion and decreased
working fluid resistance. To start the two-phase flow in CLFP-OHP, the motion suffers due to
working fluid resistance. Also, it is observed from Table 1 [22, 31–46] that the smaller channel size is
more favorable to CLFP-OHP to get effective heat transfer. It is noted that the two-phase heat
transfer plays an important role to enhance thermal performance in CLFP-OHPs attributed to small
channel sizes.

Effect of channel shape

The effect of different channel shapes on the thermal resistance of CLFP-OHP is analyzed. The
oscillating motion of working fluid in CLFP-OHP depends on the channel shapes. To understand
the effect of channel shape, the hydraulic radiuses of square and circular shape are kept same. Figure 13
represents the effect of the square and circular shapes on the thermal resistance of CLFP-OHP. With
the heat load of 100 W, the lowest thermal resistance of CLFP-OHP was achieved to be 0.39°C/W. The
square channel CLFP-OHP obtained up to 35% lower thermal performance in terms of thermal
resistance than the circular channel. Khandekar et al. [32] recommended that the thermal resistances
are typically lower for square channels compared to circular channels having the same hydraulic
radius. It is observed that the square channel CLFP-OHP canmanage lower thermal resistance than the
circular channel CLFP-OHP. This is due to the fact that the square channel shapes allowed the working
fluid to pass along the channels. Initially, a weak oscillation of working fluid occurred in square and
circular channels with low range of the heat load at the evaporator section.

Figure 12. Effect of channel size.
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As the heat load increases further in the CLFP-OHP with square channels, the oscillation
motion of working fluid occurs in a wide region, which enhances the heat transfer. As compared
to circular channels, square channels oscillation motion occurs easily, as liquid slugs and vapor
plugs move through square channels. The pressure difference at the evaporator section and
condenser section helps to oscillate the acetone through small channels, which can enhance the
motion of working fluid. In square channels, the amount of liquid slugs and vapor plugs flow
increases with increasing the heat loads. The increased amount of liquid slugs and vapor plugs
leads to an increase in the oscillation motion, reducing the thermal resistance of the CLFP-OHP
in comparison with circular channels. For the heat load above 50 W, the effect of channel shapes
on the thermal resistance of CLFP-OHP became more substantial. It is postulated that when the
working fluid charged in square channel CLFP-OHP, the two-phase heat transfer is much higher
than for the equivalent CLFP-OHPs circular channel. It is noted that the CLFP-OHP with square
channel shape has an advantage in terms of oscillation motion of working fluid over the circular
channel shape.

Thermal conductivity of CLFP-OHP

A new thermal performance indicator, CLFP-OHP thermal conductivity is used in the assessment of
the thermal performance of the device. The thermal conductivity is defined as:

k ¼ Q L
Te� Tc A

(9)

Where Q is the heat load, Te and Tc are average temperatures of evaporator and condenser
respectively, L is the distance of evaporator section and condenser section, and A is the total cross-
sectional area of the CLFP-OHP. Figure 14 shows thermal conductivity based on Eq. 9 for CLFP-
OHP. The thermal conductivity of CLFP-OHP increases with the increasing heat loads at the heat
source section.

The reason is that the heat load is proportional to the thermal conductivity of the CLFP-
OHP. It is noticed that the thermal conductivity increases with decreasing temperature
difference of the evaporator section and condenser section. The thermal resistance of CLFP-

Figure 13. Effect of channel shape.
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OHP decreases with increasing the heat load, while the opposite trend found in the case of
thermal conductivity. As shown in Figure 14, the thermal conductivity of CLFP-OHP is
between 867 and 3205 W/m °C. For comparison, the thermal conductivity of CLFP-OHP is
increased by a factor of 8.7% in comparison with that of pure copper (401 W/m °C). It is
noted that the thermal conductivity of the CLFP-OHP is more than that of high purity
copper, which is attributed to the oscillation motion of liquid slugs and vapor plugs in the
CLFP-OHP between the evaporator and condenser sections.

Conclusion

The effects of the operational and geometrical parameters on the thermal performance of closed loop
flat plate oscillating heat pipe (CLFP-OHP) were investigated with acetone as a working fluid. The
series of experiments were carried out to find the influence of operational and geometrical para-
meters on the thermal resistance of CLFP-OHPs. The salient observations are as follows:

(1) The maximum performance was observed when the acetone was charged by 60%. The
CLFP-OHP with a 60% charge ratio showed a stronger oscillation motion in comparison
with that of other charge ratios.

(2) The oscillation motion of liquid slugs and vapor plugs determined the thermal performance
of CLFP-OHP which improved with the vertical orientation (90°).

(3) The best channel shape and channel size of CLFP-OHP were square and 2 × 2 mm2,
respectively. The thermal performance of CLFP-OHP was significantly decreased in the
5 × 5 mm2 channel size and circular channel. The surface tension forces of working fluid
become much stronger as the channel size reduces.

(4) The lowest thermal resistance was achieved to be 0.39°C/W at 100 W. The flow pattern of
liquid slugs and vapor plugs determined the thermal performance of CLFP-OHP which
improved with the 2 × 2 mm2 square channels.

(5) The thermal resistance of square 2 × 2 mm2 CLFP-OHP was found to be lowest by 35% in
comparison with that of circular channels.

Figure 14. Thermal conductivity of CLFP-OHP.
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(6) The thermal conductivity of CLFP-OHP was found to be highest by a factor of 8.7% in
comparison with that of pure copper. Therefore, the CLFP-OHP has excellent heat transfer
performance during the operation process, and it can remove the heat generation from
various systems.

Nomenclature

Bo Bond number, dimensionless
g gravitational force, m/s2

K Thermal conductivity W/m°C
Q Heat load, W
Rth Thermal Resistance, °C/W
r radius, mm
T Temperature, °C

Greek Symbols

σ density, kg/m3

σ Surface tension, kg/s2

Subscripts

CLFP-OHP closed loop flat plate oscillating heat pipe
c condenser
e evaporator
FP-OHP flat plate oscillating heat pipe
h hydraulic
l liquid
v vapor
T-OHP tubular oscillating heat pipe
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