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ABSTRACT

It is founded that carbon nanotube CNT has the property to boost the heat transfer rate at liquid-
solid interface although it has some drawbacks due to the resistance of thermal interfacial. The
thermal inter-facial resistance occur due to the mismatch of vibrational at interface, which place a
key duty in energy transfer at the boundaries. Some little output has documented on the impact of
carbon nano-tube diameter effect on the resistance by the vibrational-mismatch study. Molecular
dynamics (MD) is used to enquire the effect of SWAC (single walled armed chair) on diameter
of CNT, on interfacial thermal resistance between ethylene glycol and carbon nano-tube. This
study is attempt to know the phenomenon of heat transfer at the interface of arm chair CNT and
ethylene glycol, by examine the spectra of vibrational of CNT and ethylene glycol, vibrational
mismatch at the contact is quantified. For the bigger diameter nano-tubes a substantially higher
thermal interfacial resistance is reported. This is cause to high vibrational mismatch existing at
large diameters. Due to the lower overlap-region between the vibrational-density states of CNT
and ethylene glycol molecules which results in a bigger vibrational mismatch for larger diameters
CNT. The importance of smaller diameter CNT is cooling application s is highlighted by the low
thermal interfacial resistance that's all diameter CNT exhibit. This low resistance allows for

effective heat transfer at the interface

INTRODUCTION

The carbon nanotube CNT is discover in 1991 it made a revolutionary change in science and
technology research field. Because CNT has a good thermal conductivity (noted to be high as 6500
W/m-k, equally to 18 times of bulk metallic copper), these materials has the most important is
transfer applications. In this experiment, molecular dynamics simulation has performed to know the
reaction of CNT diameter on the interfacial thermal resistance between ethylene glycol and CNT. the

simulation process is bounded to SWAC CNT. The aim of this study is, using vibrational overlapping
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spectrum between ethylene glycol and CNT figure out the phenomenon of heat transfer at interface
more accurately. The individualistic simulations are performed in molecular dynamics (MD) on
SWAC CNT having chirality as (25,25),(20,20),(15,15),(10,10) and (5,5) neighboring by ethylene
glycol molecules using software named as LAMMPS the CNT diameter is based on its chirality, it
calculate as per the formula given in literature. This study has divided into parts containing of setup,

procedure and simulations, followed by the obtained results with its discussion and conclusion at end

SIMULATION SETUP AND PROCEDURE

MD Simulations are good range of applications for calculating the molecular level reactions and
thermos-chemical properties and etc. Algorithm of varlet is used to measure the velocity and positions
of the atoms at a point of time step by applying integration on newton’s motion of Equation. The
potential energy function is depended on the position of atoms, which are presented in the simulation.

The non bonded and bonded energy interactions given as follows,

V(r) = Ve(r)+Vns(r) 1)
The interactions between the bonds states that angle between the bonds, bonds torsional
motions.Thenon-bonded interactions calculated by Van-der Walls equations.
Vn-8= Vvaw+Veoul 2)
The Van-der Walls potentials is modified by Jones Lennard (JL) 6:12 potentials and defind as,

- -

Where eand @ are LJ parameters. The electro-static energy interactions as noted by coulombic

potential as,

_ qia;
VEDL][ - E:z'=_;|' 45:’}' : (4)

rl_f
in this qj, qi are the charge on atom j and i of atom pair ij.the interaction between two atoms are given

by the Berthelot-Lorentz mixing rules,

T +o;;
— = = o
Eij = A% * (6)

the domain of the MD simulation contains previously calculated ethylene molecules in a cube of
dimensions 6 nm having the periodic boundary conditions depending on the CNT diameter. The
scaling of velocity is carried out as follows

freg _ (lrea )’ ™

Thass Vbase

Where T,.;and Ty,..are the temperatures of CNT required, V.. ;,V5q.-are velocities of carbon

atoms. Now the simulation run by the LAMMPS code, it helps to give the desire conditions to get the
required outputs.

Tablel. Parameters used in simulations
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CNT diameter of Carbon C2HeO: Ratio
(chirality) | Nano-tube atoms (Nc) molecules(Neg) (Nec/Nc)
(nm)
(5,5) 0.679 500 1800 3.60
(10,10) 1.356 1000 3600 3.60
(15,15) 2.034 1500 5400 3.60
(20,20) 2.713 2000 7200 3.60
(25,25) 3.391 2500 9000 3.60

RESULTS AND DISCUSSION

Fig.1 generated by using molecular dynamic simulations of SWCNT placed at center neighboring by
ethylene glycol molecules. The temperature decay of CNT temperature, during the relaxation-period
plotted in different diameters of nano-tube it shows that the temperature of CNT falls faster and gives
heat to the ethylene glycol molecules, the temperature raise in all simulations are approximately
same, it shows that the interfacial thermal resistance is same for all the simulations. The logarithmic-
decay of the temperature between the ethylene glycol and nano-tube for all the cases. As shown in
Fig.2 the temperature-decay of larger diameter CNT is slower than the smaller diameter CNT. The
slope of inverse of this decay with respective time gives the time constant which helps to calculate the
interfacial thermal resistance from that the time constant for CNT (25,25) is larger than the CNT

(5,5). The interfacial thermal resistance calculated by formula (8)
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Fig. 1 Temporal variation of CNT temperature and ethylene glycol molecules in the production run
(NVE ensemble).
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Fig. 2 Temporal variation of CNT temperature and Effect of nano-tube diameter on the interfacial
ethylene glycol molecules in the production run thermal resistance.

(NVE ensemble).

As shown in Fig.2 the temperature-decay of larger diameter CNT is slower than the smaller diameter
CNT. The slope of inverse of this decay with respective time gives the time constant which helps to
calculate the interfacial thermal resistance from that the time constant for CNT (25,25) is larger than

the CNT (5,5). The interfacial thermal resistance calculated by below formula
meT R;

v 8)
Where T the time constant, m is is the mass of the nano-tube crand A7 are the specific capacity and
area of surface of the nano-tube respectively and R is the interfacial thermal resistance. The specific
heat capacity of the nano tube depends on the diameter of CNT. The mass is calculated by the atoms
are presented in the nano-tube. Table.2 tells the constant of time for various diameters of CNT. The
time constant values are helps in finding the interfacial thermal resistance between ethylene glycol
and CNT at the interface and calculate the diameter effect on CNT. The interfacial thermal resistance
for CNT (5,5) obeys the value of N.Singh et al.[4].To study of overlapping of vibrational density,

between the ethylene glycol and CNT vibrational spectrum analyzed. The less frequency modes are
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take a major role in phenomenon of heat transfer at interfaces. Liquid molecules ae interact toughly
with RBM and made mechanism for heat transfer.

Table.2 nano-tube diameter effects on time constant

CNT diameter of Nano- |
o Time constant (ps)
(chirality) tube (nm)

(5.5) 0.679 13.10
(10,10) 1.356 14.94
(15,15) 2.034 18.36
(20,20) 2.713 19.40
(25,25) 3.391 21.38

Librational modes: Ethylene Glycol CNT

10,10

h ————- Fthylene
Glycol

Vibrational density of states

40 60 80
frequency (THz)

Fig.4 Carbon nano-tube vibrational density of states with ethylene glycol molecules just neighbouring
the nano-tube
Fig.5 tells the overlapping region between ethylene glycol molecules and CNT with different

diameters.

Table 3Summarized simulation results showing the effect of diameter of

Nano-tube.

CNT diameter time constant thermal overlapping

(chirality) of nano-tube d t (ps) interfacial ratio

(nm) resistance
Rk x 10-8 (m?
K/W)
(5,5) 0.679 13.10 2.59 0.81
(10,10) 1.356 15.00 281 0.76
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(15,15) 18.36 3.45 0.74
(20,20) 19.40 3.60 0.72
(25,25) 21.38 4.00 0.69
- - AIJDE'T

I tio=2 ® ————

overlapping ratio p—

The relation between the vibrational density and thermal resistance is when the vibrational density
high the thermal resistance is low. The Table.3 tells the summirised results of simulations .by that
CNT (5,5) has highest overlapping ratio.

Conclusions

The MD simulation are conducted to know the diameter effect on the carbon nano-tube of walled
single by the interfacial thermal resistance between ethylene glycol molecules and CNT the analysis
is conducted based on the ratio of overlapping as mentioned as earlier. The obtained resistance values
during simulations on CNT (5, 5) is in best matching with the available literatures. When the
simulations are conducted on larger diameters found that the thermal time constant of temperature-
decay raises with the increment of nano-tube diameter it leads to the raise in resistance due to
interfacial thermal Analysis of vibrational-spectrums of nano-tube and neighboring ethylene glycol to
appraise the vibrational-mismatch explains need of the interfacial thermal resistance on the diameter
of nano-tube. Results are prove that small diameter has less vibrational mismatch and larger diameters
has more vibrational mismatch. The high vibrational-mismatch leads to poor connection between
CNT atoms and ethylene glycol molecules it causes weak connection at interface. This finally
decreases the interfacial heat transfer, in which increases the thermal interfacial resistance. This study
is a small initial work to develop a good relationship between vibrational mismatch and thermal |
resistance interfacial. To obtained high enhancement in transfer of heat, the Arm Chair CNT due to its
higher over lapping ratio and lower interfacial thermal resistance, a small diameter should be

preferred.

REFERENCES
[1] H.Babaei,P. Keblinski,and J.M.Khodadadi, J.Appl. Phys.112, (2012).
[2] H.Babaei, P. Keblinski,and J.M. Khodadadi,Phys. Lett. A377, 1358 (2013).

[3] K.Teng, P.Hsiao, S.Hung, C.Chieng, M.Liu, andM. Lu, J.Nanosci. Nanotechnol.
8,3710(2008).
[4] S.P.Jang,S.U.S. Choi,S. Pil,and S.U.S.Choi, Appl.Phys.Lett.4316,10(2004).

[5] S.SarkarandR.P.Selvam, J.Appl.Phys.102,(2007).
[6] R.L.HamiltonandO.K.Crosser, Ind.Eng.Chem.Fundamnetals1,1(1962).

[7] W.L.AandQ.Fan,Eng. Anal.Bound. Elem. 32,282(2008).

179 |Page




International Journal of Advance Research in Science and Engineering Q

Volume No. 11, Issue No. 11, November 2022

www.ijarse.com

[8] N.Sankar,N. Mathew,and C.B.Sobhan,Int. Commun.Heat MassTransf. 35, 867
(2008).
[9] E.SpohrandK. Heinzinger,Ber.Bunsenges. Phys.Chem92,1358 (1988).

[10] . TopalandJ. Servantie,Chem.Phys.516,147(2019).

[11]M.M.Ghosh, S.Roy, S.K.Pabi, andS. Ghosh,J. Nanosci.Nanotechnol.11, 2196
(2011).
[12] C.Sun, W.Lu, B. Bai,and J.Liu, Appl. Therm.Eng.31,3799 (2011).

[13] A.Mohebbi, J.Mol. Lig. 175, 51(2012).

[14]T Jia, Y. Zhang,andH.B.M.J.K. Chen,Appl Phys A108, 537 (2012).
[15]S.D.Stoddardand J.Ford, Phys.Rev. A 8, (1973).

[16] M.J.JavanmardiandK.Jafarpur,J. HeatTransfer135,1(2013).
[17] M.Sedighi andA. Mohebbi,J. Mol.Liq.197,14(2014).

[18] H.Babaei,P. Keblinski,and J.M.Khodadadi, HEATMASSTransf.58,209 (2013).

[19]J.W. Lee, AJ. Meade, E. V Barrera, and J.A. Templeton, J. Heat Transfer 137, 1(2015).

[JARSE
ISSN 2319 - 8354

180 | Page




