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Abstract

The stability control of liquid film flow on an inclined plate is a core research direction in multiphase
flow and interfacial fluid mechanics, which is widely applied in engineering scenarios such as micro-
nano coating and industrial heat transfer. This study focuses on liquid film flow on an inclined plate
coupled with four fields: shear, uniform thermocapillary, electric field, and odd viscosity. Through the
establishment of a coupled mathematical model, long-wave approximation simplification, linear and
weakly nonlinear stability analysis, finite difference numerical simulation, combined with the obser-
vation of space-time evolution of the free surface, the synergistic regulation mechanism of multiple
fields is systematically explored. The study constructs a free surface evolution equation containing an
asymmetric stress tensor of odd viscosity, and clarifies that the increase of Marangoni number Ma,
electric parameter E, and shear stress 7 significantly intensifies flow instability, while odd viscosity u1
achieves stabilization by modifying the stress tensor; the critical condition is determined, at which
point the thermocapillary force and the Maxwell stress of the electric field cancel each other out, and
the flow reaches a dynamic equilibrium; it is found that the coupling effect between odd viscosity and
shear stress has a wave number dependence: when the wave number k is less than the wave number
for Pi, shear enhances stability; when k is greater than the wave number for Pi, shear intensifies in-
stability. In addition, when i1 = 1, it can significantly amplify the regulation difference of T On evolu-
tion of the free surface. Four types of instability regions are divided through weakly nonlinear analysis,
and the influence of each parameter on critical amplitude {a is quantified. The four-field coupling
model and the revealed regulation mechanism established in this study provide theoretical support
for the precise control of liquid film flow.
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Figure 1. Schematic diagram of the flow model for odd-viscous fluid films on an inclined uniformly
heated plane under shear action and external electric field
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Figure 2. On (Re, k) plane, neutral stability curves for (a) different shear stresses z when the electric parameter £ = 0 and
Marangoni number Ma = 1; (b) different electric parameters £ when Ma = 1 and 7 = 0; (c) different Marangoni numbers Ma
when E = 0 and 7 = 0. When Reynolds number Re = 30, disturbance growth rate w; vs wave number £ for (d) different  when
E =0 and Ma = 1; (e) different £ when Ma =1 and 7 = 0; (f) different Ma when E=0and z=0
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Figure 3. When the applied shear stress 7 = 0, on (Re, k) plane, (a) neutral stability curves with different x1. When Reynolds
number Re = 30, with the variation of wave number £, (b) disturbance growth rate w: curves with different 1. When 1 =1, on
(Re, k) plane, (c) neutral stability curves with different ¢
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Figure 4. On (Re, k) plane, weakly nonlinear instability phase diagrams with (a) different 7 when £ = 0 and Ma = 1; (b)
different £ when Ma = 1 and 7 = 0; (c) different Ma when E = 0 and 7 = 0. When Re = 30, critical amplitude {a vs k for (d)
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Figure 5. When 7 =0, on (Re, k) plane, (a) weakly nonlinear instability phase diagrams with different ;1. When Re = 30, (b)
critical amplitude {a vs k for different x1. When 41 = 1, on (Re, k) plane, (c) weakly nonlinear instability phase diagrams with
different ¢

E 5. SMREIEIR A c=0 B, (Re, OFHE L, (a) TE w BISSIELMFIRESEE . TJIEH Re =30 B, Ff k T,
(O)AE w1 MG FHRIE (o fhZk. 11 =181, (Re, OFEL, () TR WFBIELMERBESTHEE.

8.3. BARMAERILSH

K6 ALt 2R . S A Rey 22 JEH Ma SRS E OB, WU B Bl 3R I 35 Bl R
JEFFEIG R, PRSI Z M ZEREY R, WERFED T, el KRR AR . Re 3 KA
AEEPE ST AR R RGE A 38 55, I S5RG E T S sh B AR . Ma 38K P75 S IR AR IRBN I L L E 36 KR 5
K2 T A MR Dy ¥ i sh e RN, RS PEsh RS MO USRS 7 1 4 4

(a)

11

Figure 6. When 7 = 0 and y1 = 0, Free surface space-time evolution when (a) Re = 15, E =0 and Ma = 0; (b) Re =30, E =2
and Ma = 0; (c) Re =30, E = 0 and Ma = 10. Free surface temporal evolution when (d) Re = 15, E =0 and Ma = 0; (¢) Re =
30, E=2 and Ma = 0; (f) Re =30, £ =0 and Ma = 10

E 6.7=0, ;1 =08, (@)Re=15, E=0, Ma=0E&f; (b)Re=30, E=2,Ma=0R&; (c)Re=30, E=0, Ma=10 &}
HEAREMNEEK. (d)Re=15, E=0, Ma=0Hf; (¢)Re=30, E=2, Ma=08}; ()Re=30, E=0, Ma=10 B
BB R EAEREE

K7 23T BYYIN AT « ARAERE, R E AR A . 2 7 il 0 FON AR, SRARBEYIT SR

DOI: 10.12677/aam.2026.153111 363 I3RS


https://doi.org/10.12677/aam.2026.153111

(Z)S- S

AN T AR B, XTI “HmfI BT IR " G4 AL, BBR SR, R s 2 551k,
BEGETRE, TSGR IR IR B R 2 o dr 0 BHTHE RIS, R R 2 IR,
SIS WA E T B UEhREE BT DI I FFE AR, PR PR B ERTY, AR
£ | M b R S R/ T ARG L PO A R i a1 e e ) 1 P8 P 5 N 3 A

80

1.05

1.00

0 20 40 60
X
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Figure 8. When Re = 30, E =0, Ma = 0 and w1 = 2, free surface space-time evolution when (a) t=-0.5; (b) = 0; (¢) 7= 1.
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