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Abstract

This article aims to investigate the anisotropic orientation behavior of rod-shaped nanoparticles
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within a two-dimensional rectangular channel by employing Physical Information Neural Networks
(PINNSs). Initially, the transient flow characteristics of nanofluids containing rod-shaped nanoparticles
in such channels were examined, and the coupled evolution of concentration and particle orientation
was delineated. By utilizing data-free PINNs, the governing equations are incorporated as residuals
into the loss function, and physical constraints are enforced across the entire domain through random
sampling and collocation within the flow region. The PINNs simulations accurately forecast the coupled
fields of velocity, orientation distribution, and concentration. The analysis of results reveals that, in the
high-shear regions adjacent to the walls, nanoparticles align with the flow direction due to shear forces,
whereas in the channel core, Brownian rotation promotes a more random orientation distribution. Con-
currently, a higher rotational Péclet number diminishes the effect of Brownian rotation, enhances Jef-
fery orientation alignment, and predisposes particles to align along the flow direction; the translational
Péclet number governs anisotropic translational diffusion, dictating the magnitude and orientation of
cross-streamline migration.
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Table 1. Specific parameter settings of flow and transport models
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Figure 1. Picture of loss function variations during the training process of the flow model
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Figure 2. Picture of loss function variations during the training process of the transport model
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Figure 6. Distribution of orientation components 4, along the flow direction of Pe, =1000, Pe, =1000

6. Pe, =1000\ Pe, =1000 NiBREEESE 4, KIS

A12
=00 0.22
1.75
\ 0.16
13 0.10
1.25 0.04
Y 100 0
0.75 ~0.04
0.5 -0.10
0.25 -0.16
0 -0.22
2 4 6 8 10
X
Figure 7. Distribution of shear tilt component 4, at Pe, =1000, Pe, =1000
7. Pe, =1000\ Pe, =1000 NEIHIARI D2 4, D7
2.00 A22
0.81
0.72
0.63
0.54
0.45
0.36
0.27
0.18
0.09
0

X

Figure 8. Distribution of lateral orientation component 4,, at Pe, =1000, Pe =1000
8. Pe, =1000\ Pe, =1000 THEEMEDE 4,, K5

K9 R TR C (oA, IRIE C FIBEAR AT R DY BE I IS A 5 4 %00 XIS X i 1K
BV IR BEEIT S ST HPIRAS o XU HIRURI A SE A A 1 SRR, AN IEAS W J5E AT 5 Fo Rk 1 56t

DOI: 10.12677/app.2026.165045 498 2 FH ) £


https://doi.org/10.12677/app.2026.165045

el
o
S
4

WK 7 = -

10 AL 11 B T AN A S HEE N BRI SKE & A4, M A,, 3318 70 AR AL o 7E [ 52 i Péclet
H Pe, =1000 %A T, B FF% Péclet £ Pe, HASAY, FURLHLIA] (177 6] {25 SO PR Bt B S5 22 57
X Ay T FAE N BRI B v B U)1AY, SR R AR TE

1.08
1.06
1.04
1.02
1.00
0.98
0.96
0.94
0.92
0.90
Figure 9. Distribution of particle concentration C at Pe =1000, Pe, =1000
9. Pe, =1000\ Pe, =1000 FEHLRE C B9
Al 1
2.00
175 0.81
. 0.72
1.5 0.63
1.25 0.54
Y 100 0.45
0.75 823
0.5 0.18
0.25 0.09
0 0 10 0
2 4 6 8
X
Pe, =10, Pe =1000
2.00 o 0.81
B —
L5 0.63
1.25 0.54
y 1.00 0.45
0.75 g-;g
05 0.18
0.25 0.09
0 0

X
Pe, =1000, Pe, =1000

Figure 10. Distribution of 4, under different parameter configurations
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