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Abstract

This study investigates the effect of odd viscosity on the stability of self-rewetting thin-film flows on
an inclined heated substrate. A generalized Newtonian model incorporating both even and odd vis-
cosities is employed to derive a Benney-type nonlinear evolution equation under the lubrication
approximation. The stability of the thin film is analyzed using linear stability theory, revealing that
thermocapillary effects stabilize the film when heating the substrate, while promoting instability un-
der cooling. 0dd viscosity, which reduces disturbance growth rates, stabilizes the film in both thermal
conditions, and lowers the critical Marangoni number. Numerical simulations support these findings,
showing that odd viscosity suppresses the amplitude and frequency of interfacial waves. Addition-
ally, variations in the substrate inclination, Reynolds number, and capillary number significantly
influence the instability, while reducing the substrate length mitigates instability. This study lays
the theoretical foundation for using odd viscosity to control the stability of self-rewetting thin-film
flows and presents new perspectives on the interaction between odd viscosity and thermocapillary
effects.
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AR e — I TR, IR R AR K A Bl R, B4R (Marangoni 208 5 51 AR AR e M A b
Pearson [AFFE[81FR B, il IR B 23 51 R M 7% )1 B H IR FARIZ )y, AT AT AE am a2k fa . Sa-
manta 5 A [9]RFMIBUREEHES: T BA TR & 1R R, 4 TR R R Ik
SR DL R AL I B FE 2 m, 38 i B E BRI TSR (R . Nakaya B 70 1 IR T b3
RSN U ), PR T R AT Sy AR 2RV s, SR iE e B g o i A3 B T B AR [10]

X T bR AR E PR IR BRI A, BT B RSB X D AR THT 9K g I i S B R A R R A AR A
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%ﬁﬁﬁ$$%&ﬁ#ﬁﬁﬁEw%émcﬁ%ﬁmkﬁ%ﬁﬁm@m%#MW%%ﬁmmﬁ,AE%
FEIEAE T 22 TH 5K xR (R o R AR L. BRI S, JREBEE—mEE, ik ek
BE B — 5T mnmidE K [13] B, XA O 2 B T RE RS A HF LR 240 ([14] [15].
SR, EEIR IR AR PR HGR T 2 AN AH BRI R 3%, BRI Tk T B6 FE IRk AR ARG B
LR R IL AR E TR AR e ME[16] [17].
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Figure 1. Schematic diagram illustrating the downslope flow of an odd-viscos-
ity self-rewetting fluid on an inclined plate at constant temperature
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Figure 2. Comparison of the physical properties of or-
dinary liquids and self-rewetting liquids
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Figure 3. By setting the dimensionless parameters as Re = 6, Ca = 0.01, Ma =
3,Bi=1,=n/4,®=1,and ® =—1, acomparison is made between the temporal
growth rate cr as a function of the wavenumber k from Zubair et al. and the
present study
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Figure 4. The rate of temporal growth wr is a function of the wavenumber k and exhibits variations for different values of u:
(a) higher interface temperature, ® = 1; (b) lower interface temperature, ® = —1. The results for the normal film (« = 0) are
also depicted for reference. Here, f =n/4, Ca=0.01,Bi=1,and Re =6
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Figure 5. When =0, 0.5, 1, and 1.5, the stability boundaries separating the stable and unstable regions of the film in the Ma-
ke plane are shown for (a) Substrate with heating (® > 0) and (b) substrate with cooling (® < 0). Here, Re =6, Bi =1, Ca =
0.01,and p=m/4

B 5 & =0, 05, 1, 1158, Ma-k: FEMERBEXSEBXIS FHLMNERR: () ERMNHAO>0); (b)
ER4HN(©<0). HA, Re=6, Bi=1, Ca=0.01, f=n/4
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Figure 6. The thickness of the film at different time intervals (Re = 6, Ca = 0.005, Bi =1, f =
n/4,Ma=3,t=10~30,0=1): (@)« =0, (b) =05, (c) x=1,and (d) = 1.2
E 6. TEIFBFAELL ¢ TiRIEE B RERT 8 AYE L 2% (Re = 6, Ca=0.005, Bi=1, f=n/4,
Ma=3,t=10~30,0=1): (@u=0, (b)ux=05, (u=1, du=12
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Figure 7. The thickness of the film at different time intervals (Re = 6, Ca =0.005, Bi =1, =
n/4, Ma=3,t=10~30,0=-1): (@) ©u=0, (b) « =05, (c)x=1,and (d) x=1.2

7. FEIFBREL ¢ TiREEERER B E EhZE(Re = 6, Ca=0.005, Bi=1, f=n/4,
Ma=3,t=10~30,06=-1): (@ u=0, (b)u«=05, (c)u=1, du=12
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Figure 8. The thickness of the film at different time intervals (Re =6, Ca =0.005, Bi=1, f=n/4,Ma=3,t=
60~80,0=1): (@ =0, (b) =05, (c)u=1,and (d) u=1.2
8. TEIFBHELL 1 TREEERITEAELZ(Re = 6, Ca=0.005 Bi=1, f=n/4, Ma=3,t=
60~80,0=1): (@ u=0, (b)u=05, (c)u=1, du=12
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Figure 9. The thickness of the film at different time intervals (Re =6, Ca =0.005, Bi=1, f=n/4,Ma=3,t=
60~80,0=-1): (@)« =0, (b) u=0.5,(c)u=1,and (d) u=1.2
9. FEIZHEFEELL 1 T RIEE ERER A ELEIZ(Re = 6, Ca = 0.005,Bi=1, f = /4, Ma=3,t=
60~80,0=-1): (@ u=0, (b)u=05, (c)u=1, (dyu=12
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Figure 10. The film thickness for varying odd-even viscosity ratio is shown over the range x = 0 to 120,
with ® =1, Ma = 3, t =50, and Bi = 1. The different panels in the figures represent: (a) Re = 6, Ca = 0.005,
B =nl4; (b) Re =5, Ca=0.005, 8 =n/4; (c) Re =6, Ca =0.0025, g = n/4; (d) Re = 6, Ca=0.005, g =n/6
B 10. B RTAEFBHEL TRERERAE x=0 2 120 SEEANEK, £HHRH6O=1, Ma=3,
t=50, # Bi=1. EIFhAREHFERR: (a)Re=6, Ca=0.005, p=n/4; (b)Re=5, Ca=0.005,
p=nl4; (c)Re=6, Ca=0.0025, f=n/4; (d)Re=6, Ca=0.005, B=n/6
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Figure 11. The film thickness for varying odd-even viscosity ratio is shown over the range x = 0 to 120,
with ® =-1, Ma =3, t =50, and Bi = 1. The different panels in the figures represent: (a) Re = 6, Ca = 0.005,
B =nl4; (b) Re =5, Ca=0.005, 8 =n/4; (c) Re =6, Ca =0.0025, g = n/4; (d) Re = 6, Ca=0.005, 8 =n/6
E 11 RRTARFEFHELLTHEREREE x = 0 2 120 SEERMNEL, £HH 60 =-1, Ma=
3, t=50, M Bi=1. EHhAREWFERR: (@ Re=6, Ca=0.005, f=n/4; (b)Re=5, Ca=0.005,
B=nl4; (c)Re=6, Ca=0.0025, f=n/4; (d)Re=6, Ca=0.005, B=mn/6
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Figure 12. The film thickness for various odd-even viscosity ratio is shown over the range x = 0 to 60, with Ma = 3, t = 50, Bi
=1, Re =6, Ca=0.005, and B = /4. The different panels in the figures represent: (a) ® =1; (b) ® = -1
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Figure 13. A three-dimensional representation of the waves with fixed parameters: Re =6, Ca=0.005,Bi=1,Ma=3,0 =1,

and 8 = n/4. The panels in the figure display (@) x =0, (b) «=0.5,(c) u=1,and (d) u = 1.2
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Figure 14. A three-dimensional representation of the waves with fixed parameters: Re = 6, Ca=0.005,Bi=1,Ma=3,0 =
-1, and § = n/4. The panels in the figure display (&) =0, (b)) «=0.5, (c) u=1,and (d) u=1.2
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