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Abstract—In this study, the effect of nanofluids on the pbioh The present paper is aimed at an experimental sttiggol
boiling was experimentally investigated at satutatendition under fjjm boiling heat transfer of nanofluid under atrpbsric
atmospheric pressure. For this purpose, four diffemwater-based conditions.
nanofluids (AbOs, SiO,, TiO, and CuO) with 0.1% particle volume

fraction were prepared. To investigate the boillmeat transfer, a
cylindrical rod with high temperature was used. Tbe heated up to
high temperatures was immersed into nanofluids. Teater
temperature of rod during the cooling process wasnded by using
a K-type thermocouple. The quenching curves shaivatithe pool
boiling heat transfer was strongly dependent on rieaoparticle
materials. During the repetitive quenching tests, the cooltirge
decreased and thus, the film boiling vanished. €quently, the
primary reason of this was the change of the sertdmaracteristics
due to the nanoparticles deposition on the rod'fase.

Il. EXPERIMENTAL APPARATUS ANDPROCEDURE

Four types of nanoparticles were used in this stédiyOs,
SiO,, TiO, and CuO.These particles were purchased from
NanoAmof in powder form and their thermo-physical
properties were given in Table 1. The base fluid deionized
water. The nanofluids were prepared by mixing thessticles
directly with deionized water, without the additioof
dispersant and surfactaiirst the nanoparticles’ weight was
measured using an Ohaus balance. Then the partides
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boiling

|. INTRODUCTION

OILING heat transfer continues to be a subjectrafaing
research because of its potential to remove langeuats
of heat at low temperature differences. Boiling wscin a
variety of engineering applications such as hesdttents of
steel, core safety of nuclear reactors,
solidification processing. In this process, in tese of the
surface superheat is high enough; the heat trafisfara solid
wall to adjacent liquid is blocked by the vaporrikat over the
surface. Thus, the acceleration of the transitiomf film
boiling to nucleate boiling is often desirable,iagesults in a
much higher heat transfer rate [1]. Since trad#@loheat
transfer fluids such as water, ethylene glycol aiidare not
sufficient to acquire the desired heat transfee,ratinofluids
are expected to accelerate this process.
Nanofluids are a new kind of heat transfer fluidghim
which nanometer-sized particles are uniformly andbly

suspended [2]. They are suggested for various uises
chemical

important fields such as power generation,
production, air-conditioning (HVAC), transportatiomand
microelectronics. To the best of our knowledge, feev
reported studies have investigated the effectsaobfiuids on
pool boiling and even film boiling performance [1]8], and
so there is still a serious lack in this domain.

Dogan Ciloglu is with the Technical Vocational Sohof Higher
Education, Ataturk University, Erzurum 25240, Turk@hone: +90-442-
2312637; fax: +90-442-2360982; e-mail: dciloglu@uaiizedu.tr).

Abdurrahim Bolukbasi is with the Mechanical Engirieg Department,
Ataturk University, Erzurum 25240, Turkey (e-maboluk@atauni.edu.tr).

Kemal Comakli is with the Mechanical EngineeringpBament, Ataturk
University, Erzurum 25240, Turkey (e-mail: kcom&tauni.edu.tr).

and theidrap

stirrer was used to homogenize the suspension. tker
purpose of deagglomerating the nanopatrticles, tispension
was then put in an ultrasonic bath for about 24t pefore the
experiments. No sedimentation was observed afteerak
hours. The prepared solutions are shown in Fig.1.

TABLE |
THERMO-PHYSICAL PROPERTIES OFTHE NANOPARTICLES
Material ~ Purity APS p c k SSA
@) (m)  (kgm®)  @kg’KY  (WmiKY  (migh

Al,O3 99.5  27-43 3970 765 36 35
SiO, 99.5 20 2220 745 1.38 160+20
TiO, 99+ 10-30 4157 710 8.4 210+10
Cuo 99+ 30-50 6310 535.6 76.5 13

0.1 vol% Al,0,

!

Fig. 1 The nanofluid suspensions"prepared in 10@rakers

Fig.2(a) and 2(b) show the schematic of the expamntal
apparatus and the test rod (made up of brass mijteri
respectively. The main components are a Pyrex duenool
(diameter 100x200 mm), a radiant furnace (diamé®&x200
mm), a pneumatic piston, and a data acquisitiotesys
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After preparation of the nanofluid with the spedfie
concentration (0.1% by volume), the nanofluid wagdted
into the quench pool, and heated up to saturatediitbon
using a thermostat-controlled electrical heateririmerse the
rod into the pool under atmospheric pressure, aipadc
piston was used. Before immersing it abruptly ithte quench
pool, the test rod was heated to about 600°C infuhsace.
The nitrogen gas was injected into the furnace enttie rod
was being heated to reduce the oxidation on theetiea
surface. The center temperature of rod and the ¢eatyre of
the suspension were measured by using K-type tharampes.
The uncertainty in temperature measurements is°€0.An
Advantech ISA PCL-818HG data acquisition system ugsed
for recording the temperature-time data. When ¢neperature
of rod and quench pool was in thermal equilibriusnditions,
the test was finished. The quenching tests wersezutively
performed three times in order to investigate tnéase effect
on pool film boiling. Before starting to the nexanofluid
experiments, the rod’ surface was polished to remthe
contaminations formed on the surface by using enpaper
(1200 mesh).

1 1-Pneumatic piston 6-Quench pool
2-Nitrogen gas 7-Heater
2 1 3-Furnace 8-Thermocouple
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Fig. 2 (a) The experimental apparatus, (b) thertebt

Ill.  RESULTS ANDDISCUSSION

Fig.3 shows the quenching curves with the repetitasts in
nanofluids. We observed that the quenching behawior
nanofluids was similar to that in pure water. The tboiling
region is also marked on Fig. 3(a). After this oegithe vapor
film collapses and the quenching process is endigd thve
phases of transient boiling, the nucleate boilind the single-
phase convection heat transfer, respectively. As se Fig. 3,
a stable vapor film is consistently observed inftts run for
all nanofluids. We can conclude from these obs@matthat
the presence of nanoparticles in the base fluid has
meaningful effect on the quenching behavior of mith a
fresh surface, as indicated in the study of Kiralef1].
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Fig. 3 The quenching curves in (a)Bk, (b) SiO, (c) TiO, and (d)

However, during the repetition tests, there isifiisg in the
the left. This situation means that thevea
premature collapse of the vapor film and a querghin
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acceleration. Therefore, the cooling time was aersibly
shortened and the film boiling disappeared. Thikaber is
strongly dependent on the type of nanofluid. Faareple, as
seen in Fig. 3(b), this situation is more explisith the SiQ

nanofluid.On the other hand, no considerable change for Cué)

nanofluid is observed in the repetitive quenchiegtd. This
can be attributed to the lack of surface-partioteriaction.

There are some studies in the literature indicativag the
nanoparticles chance the surface properties duetheo
deposition during the pool boiling [1], [5]-[10]. figr the
guenching tests, we observed also the nanopartiepssited
on the rod’s surface. Fig.4 shows the rod’ surfamefresh
surface, quenched surface in pure water and quérsiivéace
in SiO, nanofluid. This nanoparticles deposited on théaser
have caused an earlier collapsing of vapor filmhvat few
microns thickness. As a consequence, the main mefasdhe
shifting in the curves is due to the change of aef
characteristics.

Fig. 4 The photographsof rod, (a) fresh rod, attet in (b) pure
water, (c) 0.1vol.% Si@water nanofluid
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