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Abstract: Problem statement: The purpose of this research was to determinestfeets of aspect
ratios and number of meandering turns on performédingt of an inclined closed-loop oscillating heat
pipe. Approach: The Closed-Loop Oscillating Heat Pipe (CLOHP) waade of a long copper
capillary tube. The geometrical sizes, which were variable parameters of this study, were as
follows; the internal diameter of 0.66, 1.06 an@32mm, the evaporator section length of 50, 100 and
150 mm, the adiabatic and condenser section lenfgdach set was equaled to the evaporator length
and the numbers of meandering turn of 5, 10 antlifits. The experiments were conducted by setting
the inclination angles at 0-90° adjusted by 10&rehtotally were 9 sets and each set was testdd wit
R123 as working fluid. The adiabatic temperatures wantrolled at 50+5°C. The low-voltage and
high-current power transformer was used as the $@atce and heat transfer rate was obtained by
using calorific method at the condenser sectiResults: It was found from the experiments that, in
case of the CLOHP with 10 turns and the internalrditer of 2.03 mm, the maximum heat flux
increases from 10-35.5 kW mwhen the aspect ratio decreases from 151.5-4%@6the highest
maximum heat flux occurs at inclination angle abo@90°Conclusion: The result indicated that the
aspect ratio, the ratio of evaporator length byrmal diameter and number of meandering turns
significantly affect the maximum heat flux and ineltion angle.
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INTRODUCTION release the heat to heat sink. Since the evaporatid
collapsing of vapor bubble as mentioned abovesds th
Recently new inventive technologies consist ofMain mechanism by which the working fluid can
smaller electronic devices for sustainable welhgei circulate and continuously transfer the heat inleyc
On contrary, they are more efficient. Specificatlyey  (Soponpongpipaét al., 2006) It is clearly known that
transfer more heat while they have less cooling arel  the working fluid is able to form itself into liqdiiplug
cause more accumulative heat on such devices. Tthus,alternates with vapor bubble for entire tube if the
is important to develop the small heat exchanger t@iiameter of the capillary tube used to make the
dissipate that heat. The CLOHP, therefore, becames ogiljating heat pipe does not exceed the critical
best choice at present. Since the CLOHP is a dmall
transfer device with very high thermal conductivity
The CLOHPs are made from a long copper g

diameter in Eq. 1. (Maezawa, 2000):

capillary tube, bent into undulating tube and cated D =2 1)
: . P9

each other ends into closed-loop form and no ialern

wick structure is required. The structures are shaw

Fig. 1.

The heat transfer mechanism of CLOHP begins
while one end of the bundle of the heat pipe is
subjected into heat or high temperature. The warkin
fluid, which is in liquid plug and vapor bubble for

will evaporate, expand and move toward to cooler
section. Then, vapor bubble will condense collsgrs#®  Fig. 1: Three types of oscillating heat pipes
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When the CLOHP is supplied with heat, higher The low-voltage and high-current power
evaporation rate of the working fluid and its vaportransformer was used as the heat source by sugplyin
velocity and pressure can be realized. While itihea a  the electrical current to the upper bus bar. Thas,
specified condition, the working fluid in liquid pke is  current passed through the capillary tube bundith¢o
inadequate for evaporation caused by input heat ratlower bus bar. Due to the electrical resistanceahef
Subsequently, there is a dryout occurring insideetu copper tube, thus, the evaporator section becamaiehe
surface at evaporator section. In some cases, lieas, by itself. The quantity of heat was controlled jtage
transferred by the CLOHP will decrease and the tubadjustment. The whole condenser section was in the
could be damaged if more heat is continuouslycooling jacket. The cooling medium was the solutién
supplied. Therefore, the heat flux which the CLOHPwater and ethylene-glycol with 1:1 mixing volume
work properly just before its dryout is defined asratio. This cooling medium was circulated to tramsf
“performance limit”. There are a number of studigs heat from condenser section to the heat sink whigé
heat transfer characteristics of the CLOHP only athe cooling bath. The flow rate was measured by a
normal state. Otherwise, there is few of studyrdical rotameter (Platon, PGB411, accuracy + 0.1 L Min
state e.g., effect of working fluids on heat transf The temperature at specified points was monitorsed b
characteristics of CLOHP at critical state. Kamngtan data logger (Brainchild, VR18, accuracy = 0.1°CJ. 1
Lue et al. (2004) found that, when the latent heat ofChromel-Alumel thermocouples (Omega, Type K,
working fluid increases, the average maximum heatccuracy + 0.5°C) were installed on the outer sw@rfaf
flux increased. Sakulchangsatjatial. (2007) found the capillary tube for measuring the variation of
that, when the evaporator section length increfises temperature at every parts of the heat pipe. They
maximum heat flux decreases but when the internatonsisted of 8 points on the middle of each tube in
diameter and meandering turn increases the maximumvaporator section, 3 points in adiabatic sectioth &
heat flux increases. Moreover inclination anglepoints in condenser section. Additional 2
significantly effects to normal state heat transédr thermocouples on each inlet and outlet tube ofingol
CLOHP at normal operation. In order to the clarify jacket for measuring the variation of cooling mexdiu
knowledge from the past study and to prevent directemperature in order to calculate the heat flux at
damage on CLOHP, it is important to study the effec specific time by mean of the calorific method as Eq
of many parameters on performance limits of an
inclined CLOHP. The results from this study will be . _ McCh(Tow™ Tin)e 2
very useful with the referable basic data in actual A
application designs. Therefore, the objectives to$ t
study are to experimentally investigate the effett Where:

c

aspect ratio and the number of meandering turns ofmin, = The mass flow rate of cooling medium

performance limits of an inclined CLOHP. Coc = The specific heat of cooling Medium
(water and ethylene-glycol)

MATERIALSAND METHODS (TourTin)e = The temperature different of cooling
medium
Figure 2 shows schematic diagram of thePc = All outer surface area of tube in condenser

experimental setup in this study. The CLOHP was section

made from a long copper capillary tube with theeinn I

diameter of 0.66, 1.06 and 2.03 mm and bent intb05, Cooling bath

and 15 turns. Then, both ends were connected to for e ] puupI .

the loop. Two copper bus bars were welded, onbeat t I Cooling jacket I

top and the other at the bottom of evaporator seas Pl ——— ;

electric bus bars for equal heat generation. Th&adce . @, ’%fﬂ ?) '

between these two bus bars plates equaled to eatapor ' «

section length, L which is 100 mm for this study. v W##’ i .

There were totally 9 oscillating heat pipe setstamyn ' | 1

in Table 1. The experiments were conducted byrggtti h . ‘ff Tﬂ?ﬂ%%% t‘lﬂ f%ﬁ _ij_ﬂ_ @

the inclination angles at 0-90° with the increment i @ Thenmocauple AC high

10°. The adiabatic and condenser section lengéach = =

set was equaled to the evaporator length in order t EEEE I:l ﬁ

eliminate the effect of heat flux transformationl 23 Data logger ———

was selected as working fluid. The filling ratio sva

50% by total volume. Fig. 2: The experimental setup
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Tablel: Testing set (R123¢ £ 100 mm)

Di (mm) Turn (N)

0.66 5 10 15 10
1.06 5 10 15

2.03 5 10 15

The experimental procedure was as follows. Heat
was gradually supplied in a small step into evajoora
section. In each step, the adiabatic temperature wa
controlled at 50+5°C (because this is the suitable
working temperature and did not exceed the critical
point of all chosen working fluids) by adjustingher
the temperature or the flow rate of cooling medium.
When system reached the steady state, the tempeeratu
of each point in evaporator section was recordedll |
temperatures changed consecutively, it showedtiieat
heat pipe could transfer heat properly. Then, that h
was further increased. When the heat was higher daha
certain level, one or more points at evaporatotiGec
rapidly rose in temperature show that the liquichfin
inside wall of closed loop pulsating heat pipe
subsequently becomes thinner and dryout occurs. It
showed that the heat pipe has reached critica. Stéie
maximum heat flux can be calculated by Eq. 2 and
using data before critical state by measuring the
temperature and the mass flux of the cooling medium
on both inlet and outlet of the cooling jacket. &tip,
the heat transfer characteristics at critical steitebe
achieved. The error of obtained heat flux could be
calculated from Eqg. 3 where dq was the error of the
maximum heat flux, din,was the accuracy from
measuring the mass flow rate of cooling medium,;dT
and dT .. was the accuracy from measuring the inlet
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Effect of aspect ratios: It can be found from the study Experiments with 5 turns showed similar trend tosth
that, when the aspect ratios increases, the maximu®f 10 turns. When the aspect ratio increases, the
heat flux sharply decreases at inclination abou®®9 Mmaximum heat flux decreases. In case of 15 tuhes, t
as shown in Fig. 3. In case of the CLOHP withtrends are fairly similar to 10 and 5 turns. It da
evaporator length of 100 mm and number offound that the highest ratio of heat flux average t
meandering turn of 15 turns, it can be seen thagmvthe  maximum heat flux average at 90° occurs at aspict r
aspect ratios increases from 49.3-151.5, the maximu at 49.3 and inclination on vertical position to ab@0°.
heat flux decreases for all inclination andteg( 4). Thurs, the trends all of studies are fairly closed.
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L2 about 70° for all of sets. This might be becausemwh
inclination angle increases the gravity effect, abhi
plays an important role in the movement of vapaigpl
sharply increases.

In addition, these results are compared with the
past study of the CLOHP at normal state conducted b
Charoensawamt al. (2003). It can be found that the
ratio of maximum heat flux at any angles to maximum
heat flux at 90° reaches its highest value at cairti
position to about 70° and the trends in both stidie
fairly closed. Therefore the inclination angle has
obvious effect on the maximum hear flux.
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Fig. 6: Effect of inclination angle on, g§/qc ..y On each

meandering turns (l= 100 mm, P= 2.03 R123) The effects of aspect ratios and number of

meandering turns on maximum heat flux of an incline

Effect of Inclination angle on maximum heat fluxat ~ CLOHP have been thoroughly investigated in this
each meandering turns. It can be found from the study. In the case of aspect ratio, it can be Hemmnthe
study that, when the Inclination angle increasés, t highest maximum heat flux occurs at inclination lang
maximum heat flux sharplyincreases, but the about 70-90° and aspect ratio is 49.3.
inclination angle does not effect to the meandering In the case of number of meandering turns, it can
turns as shown in Fig. 5. For example, in casehef t be seen that, when number of meandering turns
CLOHP with meandering turns of 5, 10 and 15 turnsjncreases from 5-15 turns, number of meanderingstur
evaporator length of 100 mm, internal diameter ofdoes not affect to the maximum heat flux.
2.03 mm and R123 as working fluid (Fig. 6), it das In the case of inclination angle, it can be sdm, t
seen that, when the inclination angle increasenfde  when the inclination angle increases from 0-90% th
90°, the maximum heat flux rather increases from Omaximum heat flux increases from 0-28.4 kW fior 5
28.4 kW mi” for 5 turns, 10-35.5 kW ffor 10 turns  turns, 10-35.5 kW i for 10 turns and 9.3-35.2 kW

and 9.3-35.2 kW mffor 15 turns respectively. for 15 turns respectively. Moreover the highest
maximum heat flux occurs at vertical position teath
DISCUSSION 70°.
Effect of aspect ratios. The maximum heat flux vice ACKNOWL EDGEMENT
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