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Introduction

Pool boiling belongs to the phase conversion process,
in which heat transfer can occur ranging from very low
to high heat flux (HF). Pool boiling is used in several
heat transfer processes including cooling nuclear
reactors, electronic chips, and boilers, where obtaining
the highest heat transfer is extremely important [1].
Generally, two methods exist to improve the heat
transfer: active and passive methods. Due to the
high thermal conductivity of nanoparticles, most
results show that nanoparticles (except passive) can
significantly increase the heat transfer performance
of liquids [2]. Several conventional methods exist
to stabilize the suspension, including the addition of
surfactants, pH change, and ultrasonic radiation [3].
In this laboratory study, the aim is to investigate the
stability of nanoparticles by applying ultrasound and
changes in pH value.

Materials and Methods

The main part of the laboratory machine including
an empty copper cylindrical element with a medium
surface roughness of 0.840 pum (stable roughness
during tests), an external diameter of 24 mm, an internal

Accepted: July/03/2022

diameter of 13 mm and with a length of 180 mm that
was used as a heat transfer surface within a rectangular
cube tank with a dimension of 180 x130 x350 mm. It
was made of safe glass with a 10 mm thickness having
a high thermal resistance. This vessel was surrounded
by some glass wool to avoid thermal dissipation. There
was a heater located in the middle of copper element
by 11 mm in diameter, length of 160 mm and with a
maximum power of 1 kW as a heat source. This heater
worked with 220 V Urban Electricity which to modify
the input voltage and temperature record, there was an
autotransformer 10 KVA (Model MST) placed in the
flow path with input of 220 V, AC and output of 0-300
V and at 1000 kW. The voltage range was 100-220 V
and increases 20 V stepwise. To create the ultrasound
waves, USH 1200 Generator Ultrasonic Homogenizer
with 1.2 kW power and the frequency of 24 kHz was
used. More details for the experimental apparatus are
shown in Figure 1. The experiments were carried out
at first with deionized water as base solution in the
volume of 1 liter and then by the addition of copper
oxide (CuO) nanoparticles with 0.025 wt.% to 0.125
wt.% by the step of 0.025 wt.% were investigated.

Archive of SID.ir



Archive of SID.ir

Petroleum Research, 2022(October-November), Vol. 32, No. 125

Condenser
Water out <=—— ‘ : .- . Thermocouples
Water in—=- | .' i

Ultrasonic set

High speed camera

Auto-trans

Fig. 1 The schematic of experimental rig.

Results and Discussions

At the first, the effects of applying CuO nanoparticles
on the BHTC and the CHF at three sizes of 20, 40 and
60 nm at the constant concentration of 0.025 wt.% in
deionized water was investigated. (Figure 2).
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Fig. 2 Effects of size of CuO nanoparticles at constant con-
centration of 0.025 wt.% on the BHTC relative to deionized
water.

It can be seen in Figure 2 that by applying CuO
nanoparticles, a significant increase in the performance
of BHTC nanofluid compared to deionized water was
achieved. A diameter of 20 nm was determined as the
optimal size for increasing the BHTC.

Then CuO nanoparticles with 20 nm diameter had
the best performance for the increasing BHTC. Sub-
sequently, the effects of nanoparticle concentration
(0.025, 0.05, 0.75, 0.1 and 0.125 wt.%) on the BHTC
was investigated.

Figure 3 shows that as the concentration of nanopar-
ticles increases from 0.025 wt.% to 0.125 wt.%, the
BHTC will increase continuously. But, the main prob-
lem was the deposition of nanoparticles on the surface
of heat transfer, which it reduced the heat transfer coef-
ficient. In the following, we will deal with the stability
of nanoparticles by changing the pH and irradiation of
ultrasound waves. For the stability of nanofluid, CuO
with water changes from 9.5, 10 and 10.5 and for ul-
trasound in three radiations have been selected. Also,
nanofluid concentrations of 0.075 wt.%, 0.1 wt.%,
0.125 wt.% have been selected.
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Fig. 3 Effect of CuO concentration on the BHTC relative to
deionized water.

The Effect of pH Change and Ultrasonic Waves on
BHTC

As shown in Figure 4, the increase of pH caused to
increase the heat transfer coefficient reached the maxi-
mum value. In addition the ultrasonic waves play im-
portant role in increasing the BHTC and stabilizing the
nanoparticles.
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Fig.4 The effect of pH change and ultrasonic waves on
BHTC.

Conclusions

1. The use of both stabilizers increased the heat trans-
fer coefficient by increasing the stability of nanopar-
ticles in the suspension.

2. Increasing the boiling heat transfer coefficient was
achieved at a concentration of 0.125wt.% for ultrason-
ic waves with an average of 37.48% and for pH value
of 10 as 22.68% .
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