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Fig. 1. Simulation system of Janus nanofluids.
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Table 1. The specific parameters of Lennard-Jones po-

tential function'd.

JF e o/nm ¢/ (kcal-mol ')
Ar-Ar 0.3405 0.238
Cu-Ar 0.2871 1.499
Ag-Ar 0.3025 1.376
Fe-Ar 0.2863 1.710
Cu-Cu 0.2338 9.438
Ag-Ag 0.2644 7.954
Fe-Fe 0.2321 12.14

* 2 Janus KA SE

Table 2. The parameters for Janus nanofluids?2.
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Fig. 2. Heat flux autocorrelation function diagram and running thermal conductivity diagram with correlation time: (a), (b) Pure

argon; (c), (d) nanofluids.
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Fig. 3. Variation of thermal conductivity of Janus nanofluids with the asymmetry parameter 6: (a) Silver nanoparticles; (b) copper

nanoparticles; (c¢) iron nanoparticles.
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Fig. 4. Radial distribution function for different types of Janus nanofluids: (a) Argon-argon atoms; (b) silver-argon atoms.
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(a), (b) 50%; (c),

(d) 60%; (e), (f) 75%.

110001-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 75, No. 11 (2026)

110001

T8 SR A [ 5 A P A T A P o, i 0L
BT y = o BRAER (0128 ), 2 BHAR R %) 33
T = A €7 Y T 1 = -y i A N
D030 P 7 A7 R 7 5L X ) A7 e A AR A A
2. 5(b), (d), (f) sl LBl s e 50%,
60% FI 75% TS5 S A 5% 25 A . AR AR 254
M B A BT v = 0(AEBR224R),
HAA B MHE R 50 R {EBAET 0 1, D¢ i
R AR A X 5% 2240 A5 434 ol %0, Bt
HINGE AR, PIA BN RPR S IR &
WA T 0, 2 WA U g 22 32 /N, 2 3BT
15 3 B ZR4E L T BP T 25 5 1) 45 SIE A 45
B, L5025 RE TN E R e SR AR, AR
U 25 S AT S LR S ad LA, AR SCRE R DL B 4R
(4 75% 1E RN RsE, Hax 25% 1B R4, HILL
PEARASIHRY 1 TS FE 54 AIRES.

HLAS 2 > TS B 5 e Mt 22 I S 80k
BRI, A RE A BRLAE T Janus KR AT
R B IR SO 8 AE, ARSCR A R? il RMSE
VERPEAGHRIR, Z5B TTEARRIB S A T &4
BRI 1 B X AR R, AR SCFE R TR E S 4

1.02 -
1ooL® A
00 s 3
0.98 |
0.96
0.94 | 0 = < 10
. a ¢ ¥ ¥ I &
moR2rE 3 3 23 2
0.90 | g Siw S o= S SHi2
S I = S 0 )
0881 | & g § = § 3
0.86F &
0.84
0.82
11 [610] [78 [85 [96] [107]
o245
1.04
(c) A
1.02 s 3K
1.00 |
0.98 i~ o = - = -
0.96F % ke & S & R
& °g o8 24 Be & 5§
004 25 S8 53 S8 °ga S
153 S & ] e} Q
092y L8 8 & | 8 3 5
0.90 | >
0.88
0.86

e
©PTe
e

K6 TEARBSECT AP T kel e 5 By R {H

A LA R4 B2 4T 300 YT, I Hh it H
EFTA B E R? B 20 IREER, 3l
YN ZREFMRAE A B2 (H, JHFBUA AR (E1E
ARV RE LR B FRAE. R, FET AR
T 25 R RMSE, JEBCHL R AR (E, L4
PEAGRLRY B TR . 161 6 RNl 7 a3l R T 4%
FOREARF B SECR 9 R2 {EA1 RMSE {H. 75291
B2, AT BP 2 R4, T bR “[m]” 2 K
%3 FERFIZGSELHIT BP GiHRs s

Table 3.

ferent proportion of training sets.

Statistical error analysis of BP under dif-

Lt 451 RMSE AARD/% MAE R?
train 0.0139 4.3689 0.0097  0.9287
50% test 0.0121 4.4955 0.0089  0.9044
all 0.0130 4.4327 0.0093  0.9218
train  0.0102 4.0402 0.0083  0.9492
60% test 0.0145 5.7941 0.0110  0.9095
all 0.0121 4.7417 0.0094  0.9321
train  0.0101 3.8570 0.0078  0.9510
5% test 0.0135 4.4646 0.0097  0.9215
all 0.0111 4.0100 0.0083  0.9431
1.01
(b) Il
Lool s A
L < I~ o0 N 0 0 ™
'8 B B B B B B
e 2.2 2 8 & 8
= 098F°w ° S5 P 3 oS3 o
© o0 N o
N [= N 0 Rh N D
L 5 8 8 g 8
0.97F 1 5 11 111
0.96 |
0.95
400 500 600 700 800 900 1000
TEWH T
1.00
(d) Il
i 3
0.98 |
© 0
o = s S Sl Bl Bl B
R0 E8E 8w BE 29 2% 23
Sl & S 2l sl S8 S
e ©C P S ocv o5 ©
S K E =) D <
0.94} J 11
0.92

100 200 300 400 500 600 700
LR

(a) BP; (b) SVR; (¢) GMDH; (d) RF

Fig. 6. The R? values of each machine learning algorithm on the training set and test set under different hyperparameters: (a) BP;

(b) SVR; (c) GMDH; (d) RF.
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SPECIAL TOPIC —Heat conduction and its related interdisciplinary areas

Predicting the thermal conductivity of Janus nanofluids
based on molecular dynamics simulation and
machine learning”

FENG Yibo QI Kai WANG Junf XIA Guodong

(Beijing Key Laboratory of Heat Transfer and Energy Conservation, College of Mechanical and Energy Engineering,
Beijing University of Technology, Beijing 100124, China)

( Received 19 December 2025; revised manuscript received 27 February 2026 )

Abstract

Janus nanofluids are formed by dispersing Janus nanoparticles (particles with asymmetrically modified
surface properties) into a base fluid, which is reported to have a high thermal conductivity owing to excellent
diffusion properties of the Janus particles. The thermal conductivity of nanofluids can be influenced by multiple
parameters, including nanoparticle size, density, volume fraction, and others. It is a significant challenge to
analyze the influence of these parameters on the thermal conductivity of nanofluids using traditional
experimental and simulation approaches. Machine learning offers a powerful approach to handling nonlinear

relationships and high-dimensional data. In this work, equilibrium molecular dynamics simulations are employed
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to calculate the thermal conductivity of Janus nanofluids containing silver, copper, or iron Janus nanoparticles.
Based on the molecular dynamics simulation results, four machine learning models—Backpropagation Neural
Network, Support Vector Regression, Group Method of Data Handling, and Random Forest—are applied to
predict and analyze the thermal conductivity of Janus nanofluids. The input parameters for the machine
learning models include nanoparticle size, nanofluid density, volume fraction, Janus nanoparticle asymmetry
parameter, nanoparticle mass, and the thermal conductivity of the bulk nanoparticle material. It is found that
the machine learning methods can effectively predict the thermal conductivity of Janus nanofluids. Among these
machine learning models, Group Method of Data Handling has the most accurate predictions, with a root mean
square error of 0.0058 W/(m-K) and a coefficient of determination of 0.9844. Feature importance analysis using
SHAP for different input parameters indicates that the positive effects of each parameter are consistent with
existing findings in open literature. This work validates the feasibility and robustness of the machine learning
approach for predicting the thermal conductivity of Janus nanofluids and provides a valuable methodology for

investigating and rapidly assessing Janus nanofluid thermal conductivity.

Keywords: nanofluids, machine learning, Janus particle, thermal conductivity, molecular dynamics simulation
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