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Fig. 1. Simulation system of nanofluids with a CNT particle.
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Table 1. SWOCNT-OH particles with different hydrophilicity.
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Table 2.  SWCNT-OH-Janus particles with different hydrophilicity.
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Fig. 2. Thermal conductivity of two water/CNT nanofluids
with different hydroxyl densities.
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Fig. 3. RDF of oxygen—oxygen atoms for (a) Water/SW-
CNT-OH nanofluids and (b) Water/SWCNT-OH-Janus
nanofluids with different hydroxyl density.
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Fig. 4. RDF of carbon-oxygen atoms for (a) Water/SW-
CNT-OH nanofluids and (b) Water/SWCNT-OH-Janus
nanofluids with different hydroxyl density.
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Fig. 5. Kapitza resistance between CNT nanoparticle and
water with different hydroxyl densities.
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Fig. 6. Comparison of the TCs for (a) Water/SWCNT-OH nanofluids and (b) Water/SWCNT-OH-Janus nanofluids under unfixed

and fixed conditions.
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Fig. 7. MSD of SWCNT-OH (a) and SWCNT-OH-Janus (b) particles with different hydroxyl densityin base fluids.
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Abstract

The excellent thermal conductivity of the carbon nanotubes leads to the high thermal conductivity of the
nanofluids prepared by carbon nanotubes. The addition of functional groups on the surface of the carbon
nanotubes canimprove the stability of the water/CNT nanofluids. The excellent diffusion properties of the
Janus particles result in the elevated thermal conductivity of the Janus nanofluids. In thiswork, hydroxylated
single-walled carbon mnanotube (SWCNT-OH) particles, as Janus particles, are constructed and a
water /SWCNT-OH-Janus nanofluid model is proposed by introducing SWCNT-OH particles into a base fluid
(water). By using equilibrium molecular dynamics simulations, the thermal conductivity of nanofluids is
calculated. The mechanism of the enhanced thermal conductivity is investigated by analyzing the solid-like
liquid layers formed by liquid molecules around particles, Brownian motion of CNT particles, and CNT /water
interfacial thermal resistance. It can be concluded that the thermal conductivity of the nanofluids with
SWCNT-OH particles can be enhanced compared with that of the nanofluids with normal SWCNT particles.
The hydrogen bond between hydroxyl group and water molecules results in the adsorption of water molecules
onto the surface of carbon nanotube. This process increases the density of the liquid adsorption layer on the

CNT surface, thereby enhancing the effect of the solid-

liquid layer. The hydroxyl groups on the CNT surface g 0.36 |

degrade the solid-liquid interfacial thermal resistance, TE 0.33}

which promotes the heat transfer within the nanofluids. 2 030

Moreover, the hydroxyl groups also enhance the E 07| ?td

interaction between the CNT particles and the water % 024l B

molecules,leading to stronger Brownian motionof ?g 021 e N

particles. The combination of these factors will be T‘; ' é." £k

responsible for the enhancement thermal conductivity é 018 3:,':3

of the water/SWCNT-OH nanofluids.For SWCNT-OH- g 015p - - - -
0 5.3 10.6  16.0  21.3

Janus nanofluids, the thermal conductivity can be Density of hydroxide radical /%

further enhanced, owing to the strong Brownian

motion of the Janus particles.

Keywords: nanofluids, single-walled carbon nanotubes, Janus particles, hydroxide, molecular dynamics

simulation
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