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1. Introduction

The enhancement of the critical heat flux (CHF)
contributes to increasing the safety margin of the
thermal system. Nanofluids, stably dispersed nano-sized
particles in base fluids, have been drawing attention as
heat transfer fluids due to the CHF enhancement. The
CHF enhancement can be explained by changing the
morphology of the heater surface during the pool
boiling. However, there are many factors to affect the
CHF of the nanofluids, including the nanomaterials, the
particle concentration and size, thermophysical
properties of the nanofluids (surface tension, thermal
conductivity and specific heat), and dispersibility[1-2].

Carbon based nanomaterials have drawn the
tremendous interest from various areas due to their
superior thermal and electrical properties. Among them,
The exfoliated graphite nanoplatelets (xGnP) are the
candidate to enhance the CHF of nanofluids due to the
economical benefits compared to CNTs and grapheme.
The xGnPs have layered structure with an average
thickness of approximately 6-8nm. Since the
manufacturing cost of xGnPs is much lower than that of
CNTs and graphene, they can be the effective
alternative.

In this study, nanofluids containing xGnP and xGnP
oxide are prepared. We carried out the pool boiling
experiments using XGnP and XGnP oxide nanofluids
with different concentrations to examine the CHF
enhancement.

2. Experimental setup and results
2.1 Experimental setup

The xGnP(M-5) powders were purchased from XG
Sciences, Inc.. The xGnP oxide powders were prepared
by the modified Hummers method. The two nanofluids
were prepared by the sonication process. Fig. 1 shows
the xGnP and xGnP oxide particles dispersed in the
deionized water.

The pool boiling experiments were performed on the
basis of Joule heating method. The CHF was calculated
using the following equation:

G =1 (1)

CHF A

Where | and V are the current and voltage, and A is the
heat transfer area of the heater

(b)
Fig. 1. TEM images of (a) XxGnP and (b) xGnP oxide
particles

2.2 Results

The experimental results of the pool boiling
experiments are shown in Fig. 2.
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Fig. 2. The CHF enhancement according to different
volume concentrations

The enhancement of the CHF was is 190% for the
particle concentration of 0.005vol%. The morphology
of the heater surface after pool boiling experiments
according to different concentrations is shown in Fig. 3.
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Fig. 3. FE-SEM image of the heater surface after the
pool boiling experiment of (a) water(x1000), (b)
0.005vol% xGnP oxide, (c) 0.01vol% xGnP oxide, and
(d) 0.01vol% xGnP nanofluids(x5000)

In case of XxGnP oxide nanofluids, the particles were
deposited in the flat layer on the heater surface. As the
volume concentrations increases, the thickness of the
flat layer increases.

The contact angle on the heater surface after pool
boiling experiment is shown in Fig. 4. According to
other literatures, the higher contact angle corresponds to
lower CHF. In this case, the CHF value of the xGnP
oxide nanofluids is higher than that of xGnP nanofluids.
However, their contact angle is smaller than that of
XGnP oxide nanofluids.

Fig. 4. Contact angle on heater surface after pool
boiling experiment; (a) pure water, 70°, (b) 0.01vol%
XGnP oxide nanofluids, 65°, and (c) 0.01vol% xGnP
nanofluids, 35°

3. Conclusions

To investigate the CHF enhancement of xGnP/xGnP
oxide nanofluids, pool boiling experiments were
performed with various volume concentrations.
Experimental results show that the CHF of the xGnP
oxide nanofluids was enhanced to 190% compared to
the pure water. This enhancement of the CHF of
thexGnP/xGnP oxide comes from the deposition
properties of the particles on the heater surface and
thermal properties of nanomaterials.
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