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Fig. 1. Simulation system of nanofluids.
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Table 1.  Parameters for Janus nanofluids?.
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Fig. 2. Initial structure model of spherical Janus nanofluids

and conical Janus nanofluids.
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Fig. 3. Thermal conductivity of base liquid, conical and

spherical Janus nanofluids at 1% and 2% volume fractions.
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Fig. 4. RDF of argon-argon atoms for different types of
Janus nanofluids: (a) Planar graph; (b) three-dimensional

graph.
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Fig. 5. Radial distribution function of copper-argon atoms

for different types of Janus nanofluids.
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3.3 EHEHHFRIER

Y KSR AR BRI AT AN R R A B iz 3l
SR P 1) 0 2 TR I P2 A A N SR B 2, BV
XHFRAE . R A0 R RSON, 7T A5 4 K AR 2R
8 NER A REE A%, LM 55 vl o 3 P B R B

SRFAE. ARIZERIGUK G R HE W MSD THA45
WEN 7 Frs. GERBURTE AR AT L MSD #4521
JEARRE, FIL, IR OR AR TR R 5
FLW RO I TC B B OCHK. Janus Uk 25 kS
B s MR I ARG EHER MSD 1B B A5k, Ui
H] Janus 99K AR Hr3Oo0r i VR FHAR GO DN, AT R
B2, IR MSD R FRAR, 5 3& 8 it
7N B FEVROFI 40 T R L SR T S SR AR R
L, AN [FEPBURE AR FIAN R 28 6 B H 4 BUR 2L
A IEANE S [RIES, R T AR A v S i ORI
TRAA 53~ 15 W BN A OURE 2 10T, T2 1 T W B2, FR A6
TSN, RGO AR T R AR R HCR 2L
PR T AR R G H Y BREL I, Janus 44
KA AR 5 BRI O I T B i DG

6000

Sphere Cone
| B6=0 ®BJ=0
06=02 ®§=0.2
A§=04 &£5=04
4000F v 5=0.6 % §=0.6
& 6=08 $46=0.8

5000

3000

MSD/A?

2000

1000 F

0F

0 1000 2000 3000 4000

Simulation time/ps

{7 Janus 94K G K o R R T /Y28 07 6258
Fig. 7. MSD of the base fluid for different types of Janus
nanofluids.
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Fig. 8. Diffusion coefficient of base liquid under different

conditions of Janus nanofluids and pure argon.
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Abstract

It has been reported that the thermal conductivity of the nanofluids can be enhanced by adding Janus
nanoparticles into the base fluid. Additionally, the non-spherical nanoparticles also affect the thermal
characteristics of nanofluids. In this work, conical nanoparticles are designed as Janus nanoparticles with
hydrophilic side and hydrophobic bottom, which are suspended in the base fluid to form cone-shaped Janus
nanofluids. By using molecular dynamics (MD) simulations, it is found that the thermal conductivity of conical
Janus nanofluids can be enhanced by 43.4% compared with that of the base fluid, whereas the spherical Janus
nanofluids indicate an increase of 33.7% under the same volume fraction. According to MD simulation results of
the RDF and diffusion coefficients of solid particle and base fluid, the increased thermal conductivity observed
in conical nanofluids can be attributed to the higher liquid layer density and the enhanced Brownian motion of
the conical particles. For Janus nanofluids, the asymmetrical structure of Janus nanoparticles leads to higher
diffusion coefficient than that of normal particles, which enhances the colliding possibility of Janus nanoparticles
with surrounding liquid molecules, thus resulting in enhanced heat transfer in Janus nanofluids. In this paper,
both fixed and unfixed particles are considered to explore the influence of particle diffusion on nanofluids. Under
the fixed condition, the Brownian motion of the nanoparticles is artificially excluded, while under the unfixed

condition, the particle can diffuse in the base liquid. It

is found that for both spherical and conical Janus 20

nanofluids, the thermal conductivity of Janus 0-197

nanofluids gradually increases with the augment of ~ 018}

asymmetry parameter 6 under unfixed conditions. H‘M 017l

However, under fixed conditions, the thermal ‘g

conductivity of Janus nanofluids is almost independent 5 |

of the parameter 6. Therefore, the enhanced Brownian 015

motion of the non-spherical particles is a likely reason 0.14 |

of the increased thermal conductivity observed in 0.13 ) ) ) ) )
conical Janus nanofluids. The combination of non- 0 0.2 0;54 0.6 0.8

spherical particles and Janus particles provides a

promising idea for designing nanofluids with high thermal conductivity.

Keywords: nanofluids, non-spherical particles, Janus particles, thermal conductivity, molecular dynamics

simulation
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