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rate and thermal performance (Akaehial., 1996). In
this study, capillary copper tubes were used alhe fi
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Abstract: Problem statement: A Closed-Loop Oscillating Heat-Pipe (CLOHP) heatteanger was a
heat exchanger with one of the most promising cotidity capacities because of its higher cooling
and condensing potential. Therefore, the aims isfstudy were to design and fabricate a CLOHP to
be applied to increasing oil yield in the pyrolypi®cessApproach: Two types of oscillating heat-
pipe arrangements-parallel and perpendicular to ghs flow direction-were compared with a
conventional water-to-air condenser or glass-typathexchanger. The oscillating heat-pipe was
made of four sets of copper tubes working at 96mfithe horizontal plane, with an inner diameter
of 2.03 mm and a total length of 18 m. The numbéums was 15. The lengths of the evaporator and
condenser sections were 50 and 100 mm in totgeotively. R123 was used as a working fluid, 50%
by total volume. In the experiment, an air veloaify0.4 m se¢ was applied to the condenser section.
100 g of 5%x5 mm pieces of motorcycle tire inneresibvere burned in a pyrolysis furnace of 500°C,
having a heat-rate of 10°C minResult: The results showed that a CLOHP parallel to the ftmw
direction was more effective, resulting in 39.08rgde oil from the hot gas in the pyrolysis process
and a maximum heat flux of 1,181.53 W2nConclusion: This study suggested that to improve the
performance of a pyrolysis process which uses saonaforcycle tire waste as a heating agent, a
CLOHP should be placed in parallel to the gas fio.
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INTRODUCTION Closed-Loop Oscillating Heat-Pipes (CLOHP) are
made from a long copper capillary tube, bent imto a
Heat-pipe heat exchangers have a high heat transfandulating tube and connected at each end into
closed-loop form; no internal wick structure isueqd.
Three types of CLOHP structures are shown in Fig. 1

with working fluid. The diameter of the capillarybies  (Charoensawaet al., 2003).

used to make the oscillating heat pipe did not eddbe
critical diameter in the equation below (Maezasval.,

1996): and vapor bubble form, will evaporate, expand aonden
toward the cooler section. Then vapor bubbles will
o 1) condense, collapse and release heat to ¢héshk.
it — 2T
“\pog
Where:
D, it = Critical diameter (m)
o = Surface tension (N9
p. = Density of saturated liquid (kg ™/
g = Acceleration due to gravity (m $8c Fig. 1: Three types of oscillating heat pipes
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Heat transfer occurs due to a strongly oscillating
pressure wave. The working fluid, which is in ligyilug
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This evaporation and collapsing of vapor bubblethés
main mechanism by which the working fluid can
circulate and continuously transfer the heat inyelec
(Soponpongpipatt al., 2006). Heat transfer results
from oscillation of the working fluid circulatingnionly
one direction, the axial direction, of the tubeorrthe

tire pyrolysis process, condensation of hot gas can o )
ultimately be turned into crude oil that can becuas ~ Fig- 2: The two types of oscillating heat-pipesaaged

engine fuel (Ayloret al., 2007; Murugaret al., 2008). parallel and perpendicular to the gas flow
The condensable temperature can achieve a maximum direction
yield of liquid fuel from tire pyrolysis (Williamsand Water inlet

, Water outlet Air pump
Gas outler+—, —

Brindle, 2003). The heat exchange system affegtsdi S
yields in the tire pyrolysis process (Berrueebal., al
2005). In this study, CLOHP have been applied to a °

condenser system for scrap tire pyrolysis in adiked R j—i—

reactor. Pyrolysis gases are passed directly to a o q%_ === ;

designed heat exchanger system for condensatian. Th T bath  bata S

aim of the work was to obtain condensation of liqui |— ' Tompee

yield with different types of condensation equipten Heater

The particular selective condensation equipment igig. 3: Experimental setup of pyrolysis processhwit
mainly dependent on the dew point of the components condenser or glass-type heat exchanger

of the liquid, which is closely linked to the baigj point

of that compound; so it becomes apparent that thegec A fan propeller velocity was obtained from the

condensation would prove useful for the condensatio €duation to specify airflow velocity for a CLOHPéte

of pyrolysis oil. The temperature-selective condios exchanger experiment which would remain the same
is analogous to the separation of the componeroiof ~Value throughout the test:

via distillation. However, temperature-selective y, _ ay ©)
condensation differs from distillation in that

fractionation is achieved by cooling gaseous predte  Where:

liquids, rather than in the case of distillationesé oil Vv = Volume flow rate (thsec?)

is transformed from its liquid state to a vaporstate A = Cross sectional area{m

to afford separation. The parameters examined there V= Velocity (m sec)

types of condenser systems. Design and fabrication of closed-loop oscillating
heat-pipe heat exchanger.
MATERIALSAND METHODS Four sets of the closed-loop oscillating heat-pipe

arranged parallel and perpendicular to the gas flow
. . direction, were made of copper tubing with an inner
Airflow  velocity was calculated by means of giameter of 2.03 mm. The evaporator and condenser

comparison with water flow rate through a heatgection lengths were 50 and 100 mm, respectively
exchanger which was made of glass. It could bgCharoensawan and Terdtoon, 2008), with a totajtten
assumed that the heat transfer rate of a glassigpe of 18 m. There were 15 turns. The two types of
exchanger was equal to that of a CLOHP heabscillating heat-pipe arrangements are shown in Fig
exchanger. The mass flow rate of air was obtaineahf Furthermore, reinforced instruments for the ostiita
following equation (Faghri, 1995): heat-pipe sets were cooling sets consisting offams,

10 cm in size, fixed on galvanized iron with a

dimension of 3830x25 cm. They were set up to cover
Q=mC,(AT) 2 the oscillating heat-pipe sets in order to coolpipes.

Experimental procedure of burning by pyrolysis

Where: _ process with glasstype heat exchanger and show in

Q = Heat transfer rate (kJ $8¢c Fig. 3

m = Mass flow rate (kg &9

C, = Specific heat (kJ kK§C™) e Scraps used consisted of pieces of inner tubes of
AT = Temperature difference (°C) motorcycle tires, each approximately 5x5 mm and
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in dry condition; around 100 g were burned in ae
pyrolysis furnace

» Water and crushed ice were filled in the container
to cooling condense gas *

e The instrument sets of the pyrolysis process were
connected to the glass-type heat exchanger ¢

e Aluminum tape and paraffin were wrapped at
connections to prevent leaking of gas from system

« The thermocouple was set to data logger to
measure temperature at any point .

e Arubber tube, joined to a water tap, was connected
to the glass-type heat exchanger

« Water flowed into the glass-type heat exchanger at
an adjusted flow rate of 0.6 L min

« Nitrogen was adjusted 400 mL min® into the
pyrolysis furnace to evacuate the system

e Nitrogen was pumped from the system in order to>
prevent excessively high pressure which could®

cause instrument damage

A rubber tube, joined to a water tap, was connected
to a CLOHP heat exchanger

Water flowed was adjusted flow rate of 0.6 L min
Nitrogen was adjusted 400 mL min® into the
pyrolysis furnace to evacuate the system

Nitrogen was pumped from the system in order to
prevent excessively high pressure which could
cause instrument damage

Heater was turned on to supply heat for burning
motorcycle tire inner tube pieces in the pyrolyisiaace

All data were recorded and compared with the data
from pasted obtained

RESULTS

Calculations indicated that airflow velocity thghu

the heat exchanger was 0.4 m $e€his was applied to
pecify airflow velocity for the CLOHP heat exchang
xperiment, in which the DC power supply was
adjusted to approach calculated air flow velocity.

* The heater was turned on to supply heat forExperimental

results of pyrolysis process with

burning motorcycle tire inner tube pieces in thecondenser or glasstype heat exchanger: During the

pyrolysis furnace
» All data were recorded

Experimental procedure of burning by pyrolysis
process with CLOHP heat exchanger and show in
Fig. 4

* 100 g of 5x5 mm pieces of motorcycle tire inner

tubes were burned in a pyrolysis furnace

« Water and crushed ice were filled in the containefremperarure measurement Tocation

to cooling condense gas

« The instrument sets of the pyrolysis process wer&utlet water

experimental pyrolysis process with the glass-thipat
exchanger, water inlet and outlet temperatures \26ére
and 27°C, respectively, for the 500°C pyrolysisnage
temperature. The product obtained from the heating
process was analyzed by means of approximate @alys
Experiments were done in triplicate to determinerage
values, which are shown in Table 1 and 2.

Table 1:Average water inlet and outlet temperatwoka glass-type
heat exchanger

Temperdtre

26.00
27.00

Inlet water

connected to the CLOHP heat exchanger (replacmgable 2: Experimental results of the pyrolysis gsxwith a glass-

the glass-type heat exchanger) and arranged
parallel and perpendicular to the gas flow direttio Product from burning process
e The cooling sets consisted of two 4-in fans which
were set up to cover the oscillating heat-pipe &ets

cool the system

» Paraffin and aluminum tape were applied and
wrapped at all connections to prevent gas leaki

from the system

e The thermocouple was set to data logger to

measure temperature at any point

Heat pipe
= I\ Silicone wire
Nitrogen b
in 3 %
' » . |
¥y 5 5

|
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0 e
—

|
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Temperature
controller 1
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Fig. 4: Experimental setup of the pyrolysis process
with a Closed-Loop Oscillating Heat-Pipe

(CLOHP) heat exchanger

type heat exchanger

Percentage by mass

Crude oil 34.17
Residual gas from condensate oil compound witogén 11.60

Table 3:Average airflow inlet and outlet temperatuof a CLOHP
heat exchanger arranged parallel to the gas flogction

n,q’ emperature measurement location Temperaturé°C)
Inlet airflow 29.50
Outlet airflow 32.00

Table 4: Experimental results of the pyrolysis psxwith a CLOHP
heat exchanger arranged parallel to the gas flogction

Product from burning process Percentage by mass

Crude oil 39.10
Residual gas from condensed oil compound with géro 12.74

Table 5: Average airflow inlet and outlet tempereguof a CLOHP heat
exchanger arranged perpendicular to the gas fi@etitin

Temperature measurement location Temperét@e
Infet airflow 31.50
Outlet airflow 33.50

Table 6: Experimental results of the pyrolysis pascwith a CLOHP heat
exchanger arranged perpendicular to the gas fi@etatin

Product from burning process Percentage by mass

Crude oil 38.13
Residual gas from condensed oil compound with géro 12.72
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Experimental results of the pyrolysis process with a From the bar chart in Fig. 5, illustrating the
CLOHP heat exchanger arranged parallel to the gas  comparison of crude oil quantity, it can be seext Hot
flow direction: The pyrolysis process with a CLOHP gas contacting the heat exchanger area within a sho
heat exchanger, which was arranged parallel togfi®e period resulted in a lower condensation of hot thas
flow direction, obtained results as shown in Tabbnd 4. expected. However, the resulting quantity obtained
from a CLOHP system tended to be higher than that
from a glass-type heat exchanger. Oven reactor
temperature was 500°C, which is the optimum
temperature to obtain a high yield of liquid froiret
pyrolysis but when the experimental equipment was
changed from a glass condenser to a heat-pipe heat
exchanger, which has a higher heat transfer ragzet
Quas a higher liquid product yield from tire pyralys
From the bar chart in Fig. 6, illustrating the
DISCUSSION comparison of residual gas quantity from condensed
oil compound with nitrogen, it can be seen that
The pyrolysis processes with glass-type andcondensation of hot gas from the pyrolysis process
closed-loop oscillating heat-pipe heat exchangen®w with the CLOHP heat exchanger arranged parallel to
experimentally compared, as shown in Fig. 6 and 7the gas flow direction produced the highest qugntit
respectively, for their obtained product quantity o Therefore, it had a higher tendency to obtain crude
crude oil and condensed oil compound with nitrogengj| due to the higher resulting residual gas.
It was found that the quantity of crude oil and cgjculation results of heat exchanger heat tramater

condensed oil compound with nitrogen obtained fromgom the pyrolysi ; _

. . yrolysis process with the glass-type ted
the pyrolysis process with the CLOHP heat exchangeg) opp heat exchanger experiment, the resulting heat
was higher than that with the glass-type heat

exchanger. Pyrolysis processes with the CLOHP heaéanSfer rates were 41.63, 83.30 and 104.21 Wher t

Experimental results of the pyrolysis process with a
CL OHP heat exchanger arranged per pendicular to the
gas flow direction: The pyrolysis process with a CLOHP
heat exchanger, which was arranged perpendiculéreto
gas flow direction, obtained results as shown ibld&®
and 6. Obtained product quantity difference betwien
pyrolysis processes using glass-type and closgd-lo
oscillating heat-pipe heat exchangers.

cxchanger experment aamged b pralel angeS=UPS 1R eichange el CLOMP et
perpendicular to the gas flow direction were coragdar flow directi elv. Th isorthaf

It was found that the quantity of condensate fromn h 928 flow direction, respectively. The comparisort

gas, which ultimately turned into crude oil (from three different types of heat exchanger heat teansf
motorcycle tire inner tubes burned by the pyrolysisrates found that the pyrolysis process with the 8EO
process) from a CLOHP heat exchanger arrangeq]eat exchanger obtained a higher heat transfethrate _
parallel to the gas flow direction was higher tihat  that from the glass-type heat exchanger, as shown i
arranged perpendicular to the gas flow direction. Fig. 7.
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Heat transter rate (Watt)
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Fig. 5: Comparison of crude oil quantity obtaineaif
the burning process at 500°C pyrolysis furnaceFig. 7: Heat transfer rate of each type of heaharger
temperature within 30 min
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Fig. 6: Comparison of residual gas quantity from Heat pipe heat exchanger

condensed oil compound with nitrogen obtained
from burning process at 500°C pyrolysis Fig. 8: Heat transfer rate per area of the CLOH#& he
furnace temperature within 30 min exchanger
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From the bar chart in Fig. 7 illustrating the heattransfer rate per area of heat exchangers was .5381
exchanger heat transfer rate, it can be seenhbaigat W m 2 of the CLOHP heat exchanger.
transfer rate of the CLOHP heat exchanger was highe

than that from the glass-type heat exchanger beddus ACKNOWLEDGEMENT
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